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The BARMINUTOR Screening and Comminuting Machines provide 
continuous, complete, automatic comminution . . . at lower operating 
and maintenance cost than any similar device today. 


The BARMINUTOR was developed to provide greater flexi- 
bility and wide application of comminution . . . developed 
from the original “Chicago” COMMINUTOR,* proven 
highly successful in thousands of installations. 


c oO MMIN UTIN G BARMINUTOR Screening and Comminuting Machines eliminate un- 
sightliness, nuisance and odor by continuously and automatically screen- 


MAC HINES ing and cutting coarse sewage material without removal from the flow. 


Power requirements are lower than that required for mechanically 
raised screens and grinders. Manual atten- 

tion is needed only for periodic inspection 

and lubrication 


* Trode-Mork 


THE NEW MODEL “‘A-1’. BARMINUTOR'* 
with All Electric Drive 


Extra cutting capacity without increase in power 
Shear bars allow additional cutting for peak loads 


Shear bars eliminate accumulation of rags and sew- 
age solids on the screen 


Ball Bearings Shoes last longer... thereby greatly 
reducing maintenance 


Eliminated hydraulic hoses 
Neat, compact drive motor and panel 


A DEVELOPMENT 
Model “C" BARMINUTOR . . . for use 
in rectangular channel sections 1 to 3 


OF MORE THAN 
feet wide .. . sized for flows of .09 to 
25 YEARS ee 15MGD. 


SUCCESSFUL THE NEW MODEL “Cc” 
BARMINUTOR 
COMMINUTOR ~Sona © Counter-weighted to minimize fric- 
tion . . . increasing life of machine 


EXPERIENCE Stainless Stee! Screen 


Ball Bearing Shoes 
Single Motor Drive . . . lower oper- 
ating horsepower required 
Model “A-1" BARMINUTOR .. . for Reversible cutting provides increased 
use in rectangular channel sections 4 cutting capacity and extended life 
to 8 feet wide . . . sized for flows of of cutters 
10MGD and upwards. Rugged, economical design and con- 
struction 
© 1960—FMC 
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is Big Business 
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Rotary Distributors at 


waste treatment equipment 
exclusively since 1893 
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treatment equipment makes this plant one of 


rgings are incorporated in the four P.F.T. 
1-Salem. The P.F.T. Spreader Jets 
are two-piece forged bronze units with removable deflectors 


PACIFIC FLUSH TANK CO., 4241 Ravenswood Avenue, Chicago 13, Illinois 


PORT CHESTER. N. Y * SAN MATEO. CALIF © CHARLOTTE. N C © JACKSONVILLE ¢ DENVER 


WPCE 


When a city jumps from 13,600 to 93,000 in population in 
less than four decades—you have “bigness” in growth. When 
that same city becomes a leading industrial center and has an 
industrial waste almost equivalent to its expanded popula- 
tion—you have “bigness” all over again. Winston-Salem is 
that city! 

The four giant P.F.T. Rotary Distributors, 200’ in diameter, 
are characteristic of this tremendous growth. Equipped with 
specially designed P.F.T. Spreader Jets, for uniform distribu- 
tion, these soundly engineered and ruggedly constructed 
distributors handle a flow of 25.0 mgd! 

Other P.F.T. equipment in this modern sewage treatment 
plant, capable of handling a population equivalent of 200,000 
and designed by Piatt and Davis of Durham, N.C., includes: 
Four 90’ Floating Covers, three complete Pearth Gas Recircu- 
lation Systems (the fourth digester is arranged for future 
Pearth which can be installed without interrupting digester 
operation), three P.F.T. #750 Heaters and Heat Exchangers 
that are gas and oil fired, Gas Safety Equipment, Supernatant 
Equipment and Floating Cover Gauge Boards with High and 
Low Level Alarms. 

Crack engineering and construction teams, along with high 
quality P.F.T. sewage treatment equipment, gives progressive 
Winston-Salem truly a plant to be proud of. 


Engineer- 


Abore) This is Winston-Sa Sewage Treatment Plant 
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70,000 
5 


hours 


Six years — 50,000 hours — of uninterrupted sew- 
age sludge incineration without a shutdown. No 
other sludge incineration system has equalled this 
record, established by a Nichols Herreshoff multi- 
ple hearth dryer-incinerator. 

If you want dependable, economical sludge dis- 
posal, provided by equipment of proved depend- 
ability, economy and rugged construction consult 
Nichols, an organization experienced in the design, 
manufacture and installation of more than 5,000 
Nichols Herreshoff multiple hearth furnaces 
throughout the world. 


Please write for more information. 


Nichols Engineering & Research Corp. 
80 Pine Street, New York 5, New York 
3513 N. Hovey Street, Indianapolis 18, Ind. 
405 Montgomery Street, Sagz Francisco, Calif. 


Nichols Herreshoff 


Multiple Hearth Sludge Furnaces 


... and Nerco-Edco “‘Roto-Plug” Sludge Concentrators 
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FLUIDICS® 


Flow 


Valve Control 
Pump Control 


Pressure 


Unattended Pumping Station 


Cut costs, improve efficiency— 
automate your present water system 
with Simplex Orthoplex 

Supervisory Control 


ORTHOPLEX SYSTEM can pay for itself 


during the first year of operation. 


ORTHOPLEX assumes the responsibility for 


automatically controlling remote pumping 


stations, control valves, elevated tanks, res- 
ervoirs — FREES PERSONNEL FOR 
MORE IMPORTANT JOBS. 

ORTHOPLEX can be installed to operate 
with most existing flow- and level-sensing 
devices without change or with the addi- 
tion of new low-cost devices. 


IMPROVED DESIGN reduces maintenance 


to the minimum by the elimination of all 


vacuum tubes, motorized timers and motor- 


ized sequence switches. 
AS MANY AS 29 CHANNELS over a single 
pair of wires—private or telephone. 


FOR COMPLETE INFORMATION, send us 


your requirements. 


Central Control Station 


SIMPLEX 


*FLUIDICS is the Pfaudler Permutit VALVE ANDO METER COMPANY 
that integrates knowledge, 
a division of PPAUDLER PERMUTIT INC. 
equipment and experience in solving : 
problems involving fluids. Lancaster, Pennsylvania 


Specialists in FLUIDICS... the science of fluid processes 


SEE THE SIMPLEX ORTHOPLEX IN ACTION AT OUR BOOTH AT THE A.W.W. A. 
NATIONAL CONVENTION AT BAL HARBOUR, FLORIDA, MAY 15— 20, 1960 
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MEMBER ASSOCIATION MEETINGS 


Association * Date Place 
Kansas pr. 22-2 Broadview Hotel, Emporia 
California Apr. 27-3 Hotel Claremont, Berkeley 
Arizona 28-3 Pioneer Hotel, Tucson 
Montana Apr. 28-3 Northern Hotel, Billings 
Michigan ry 23-2: Park Place Hotel, Traverse City 
Sweden ay 27-2! Inst. for Arbetshygien, Helsinki, Finland 
Alabama June 60 Auburn Univ., Auburn 
Maryland-Delaware June 8- Alexander Hotel, Hagerstown, Md. 
Virginia June 15 John Marshall Hotel, Richmond 
Central States June 15- Lorraine Hotel, Madison, Wis. 
Ohio June Neil House, Columbus 
lowa June lf Ottumwa Hotel, Ottumwa 
ISP (England June 21-24 Searborough, England 
Pennsylvania Aug. ‘ Pa. State Univ., University Park 
South Dakota Sept. 7-§ Grand Hotel, Watertown 
Kentucky-Tennessee Andrew Jackson Hotel, Knoxville, Tenn. 
Missouri Se 25-2 Hotel Governor, Jefferson City 
Pacifie Northwest 20-25 Mareus Whitman Hotel, Walla Walla, Wash. 
Rocky Mountain 24-26 Broadmoor Hotel, Colorado Springs, Colo. 
Canada 94-9 Stat] itel, Buffalo, N. Y. 


New Eng ct. 26-5 Taf tel, New Haven, Conn. 


THIRTY-THIRD ANNUAL MEETING 


Water Pollution Control Federation 


Host—Pennsylvania Sewage and Industrial Wastes Association 


Philadelphia, Pennsylvania 


Technical Meetings and Exhibits—Convention Hall 
October 2-6, 1960 


: * See preceding left-hand page for full name 
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_A PACKAGED PUMP STATION 


“THAT MEETS 
YOUR ‘REQUIREMENTS 


& ADVANCED DESIGN FOR GREATER EFFICIENCY 
Compare motor and pump assembly of this duplex sewage pump station with any 
other and see the TEX-VIT superiority. Individual shaft for each pump and each 
motor. Four bearings per assembly instead of the customary two. Heavy steel shell, 
completely protected from corrosion. 


DIRECT PRESSURE CONTROLS FOR EXTRA RELIABILITY 
Exclusive TEX-VIT controls are actuated by pressure variations within the wet well. 
No compressor to maintain; no floats or other moving parts in the wet well. 


IMPROVED AIR CIRCULATION AND CONDITIONING 

Extra large blower provides complete change of air every 60 seconds. Air inlet and 
outlet are at opposite sides of station to prevent short circuiting of air. Refrigeration- 
type dehumidifier. 


SUPERIOR COMPONENTS FOR EXTRA DEPENDABILITY 

Pumps, motors, controls, and other components bear the brand names you would 
expect to find in a Who’s Who of American Industry. You know you are getting 
the best when you specify TEX-VIT. 

INSTALLATION TESTED AND PROVED 

TEX-VIT packaged pump stations are setting new standards. Names of muncipal and 
industrial users furnished on request. 

Let TEX-VIT help you with your sewage lift problems. TEX-VIT also makes 
pneumatic ejectors and packaged ejector stations. 


TEX-ViIT 


SUPPLY COMPANY 


MANUFACTURING DIVISION 
Dept. S-4, Box 117, Mineral Wells, Texas 


Write for bulletin No. PS-60 
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PIPE THAT 
DOESN'T GET 
COLD FEET 
WET 
TRENCHES 


This cast iron pipe was installed to 
carry water to an important indus- 
trial site in Indiana. 


At the time of installation, weather 


conditions were severe; the trenches 
were wet and muddy. 

Still, the cast iron pipe was easily 
and speedily assembled, enabling the 
contractor to complete the job well 
ahead of the deadline. 

Cast iron pipe does not get cold 
feet over rugged soil conditions. Its 
rugged design, corrosion-resistant 
qualities, and bottle-tight joints will 
withstand the most severe pressures. 

Modern, cement-lined cast iron 
pipe will deliver a continued full flow 
of water for at least a century ... and 
rarely requires repairs or replacement. 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F, Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 


@| CAST IRON PIPE 


THE MARK OF THE 100-YEAR PIPE 
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Another Eimco-Process 
design innovation... 


An annular sludge trough 

is a key feature of the Type 
CSPA Oxidator. By positioning 
the trough outside the aeration 
zone, both the sludge raking 
distance and the sludge 

holding time are shortened 

and deep, uniform aeration is 
possible without sludge dilution. 


Want good treatment on both low and high flows? 


If you are concerned with widely varying flows, 
TH E OXI DATOR® or if you are designing for ultimate high capacity 
yet need good treatment at present low flows, 
WAS DESIGN ED the Oxidator is meant for you. This economical 
intermediate treatment unit combines aeration, 
FOR YOU | flocculation and sedimentation in a single tank 
‘ to give high removals at near the cost of primary 

treatment. 
Thorough aeration minimizes scum formation 
and keeps the influent fresh. Light organics are 
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quickly flocculated and efficiently removed. And 
...the exclusive annular sludge trough design 
permits obtainment of a concentrated sludge in 
a short detention period. 

Whether for consideration on an immediate 
problem or for future reference, you should 
know about the improved Oxidator. Detailed in- 
formation is available from any of our nation- 
wide representatives or you may wish to write 
directly to us in San Mateo. 


THE EIMCO CORPORATION 


installation ae Process Engineers Division 


.. another outstanding 


420 Peninsular Avenue 


90 ft. dia. Eimco- Process San Mateo, California 


Oxidator with annular sludge 
trough in operation at 
Ponca City, Oklahoma. 
Consulting Engineers— 

Pate Engineering Company, 
Tulsa, Oklahoma. 
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Maybe you have a problem similar to the 
one that confronted the 
pany, Trenton, N. J. 


Homasote Com- 


They make high-density wood fiber in- 
sulation board. The process could create a 
waste disposal problem and impair the 
company's good community relations. 

The answer found by Homasote turned 
out to be more than just a waste treatment 
system. It is also a valuable way to save 
money, through reclaimed product and 
water. 

The Permutit Colloidair Separator is be- 
hind this accomplishment. 


Saves product. White water feeds into the 
Colloidair, where a “bubbling-out” process 
raises the fibers to the surface. These fibers 
are scraped off and reclaimed 

Saves water. No water is wasted in this 
closed-circuit operation. Colloidair clarifies 
it for Homasote’s re-use in pump glands, 
stuffing box seals, and for general cleanup. 


Saves heat. The reclaimed water holds 
most of its heat during the clarifying proc- 
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FLUIDICS* AT WORK 


Checking clarified effluent of the Permutit Colloidair Separator at the Homasote Company 


How to side-step a public health hazard 
...and step into big new savings 


ess. This saves the expense of reheating 
tor re-use. 


Easy to use. Colloidair works almost by 
itself. The operator does little more than 
periodically charge chemical tanks. 


Homasote is getting these benefits today 
. . » when would YOU like to start? 


We will be glad to run lab and/or pilot 
plant tests to show just what the Permutit 
Colloidair Separator can do with your 
white waters and/or waste waters. 

Save your public relations .. . and your 
money. Get more information on Colloid- 
air by writing our Permutit Division, Dept. 
JWP-40, 50 West 44th Street, New York 36, 
New York. 


*FLUIDICS is a new Pfaudler Per- 
mutit program that provides a modern, 
imaginative approach for handling and 
processing liquids and more 
profitably. 


gases 


PFAUDLER PERMUTIT nc. 


Specialists in FLUIDICS 


. . the science of fluid processes 
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Homestead Lubricated Plug valves at work in Bloom Township Sewage Treatment Plant. 
Consulting Engineer for installation: Consoer, Townsend and Associates, Chicago. 


“Five years—and not a cent for replacement parts!” 
.. the facts from Sanitary District of Bloom Township 


Installed in 1955, Homestead® Lubricated Plug 
Valves have carried 60,000 gallons of digested sludge eS 


ae Valve. Triple head seal 
from the conditioning tanks to the vacuum filters (A) prevents leakage. 


, i i Tell-tale lubricant ring 
every week, The ony maintenance required has 
been repainting one time. tem, prevents waste of 
— 
, ti i ids. 
Homestead’s Lubricated Plug Valves mean lower aia thane 
maintenance costs . . . as proved at the Sanitary 
District of Bloom Township Sewage Treatment’ 
Plant in Chicago Heights, Illinois. Homestead” 
Valves can mean lower maintenance costs of your |; 


pipe lines, too. Write today for complete information. 


Please send me catalog on Homestead Lubricated 
Plug Valves. We are interested in this specific 


HOMESTEAD VALVE MANUFACTURING COMPANY 
P.O. Box 48 + Coraopolis, Pennsylvania 
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ASBESTOS- 
CEMENT 
SEWER PIPE 


Sewer pipe maintenance headaches disappear when you 
install ‘‘K&M” Asbestos-Cement Sewer Pipe. 


Flow-stopping, pipe-clogging roots...no matter how 
cobwebby-thin...can’t penetrate the exclusive patented 
“K&M” FLUID-TITE coupling . . . unmatched in its tight 
seaiing. In repeated tests, “"K&M”" Asbestos-Cement Sewer 
Pipe successfully resisted infiltration even when external 
water pressure was 25 psi... the equivalent of a 58-foot 
head and way above field conditions. 


Service remains continuous and uninterrupted . .. with 
fewer inspections and periodic cleanings. You can reduce 
treatment loads and costs. . . because infiltration is elimi- 
nated. Being made of quality asbestos fibers and portland 
cement, “K&M” Sewer Pipe does not corrode and is 
immune to electrolysis. 


In fact, “K&M” Asbestos-Cement Sewer Pipe is a tax- 
saver at every stage of construction: planning and instal- 
lation, as well as maintenance. Transportation and handling 
is less expensive, because ''K&M” Asbestos-Cement Sewer 
Pipe is light in weight. 

In short, practically indestructible materials plus eighty- 
five years of 


asbestos engi- 5 CRUSHING STRENGTHS OF K & M SEWER PIPE 


neering give Size Class Class Class Class Class 

you the finest, | '"°nes 1800 2400 3300 4000 5000 

most depend- 6 1500 2400 3300 

t > i a 

available. 

That’s why we 10 1500 2400 3300 4000 5000 

urge you to 12 1500 2400 3300 4000 5000 

write today for 

“4 1500 4 
cd tion. t. 16 1500 2400 3300 4000 5000 
ep 


P-1740 


KEASBEY & MATTISON 


Company « Ambler « Pennsylvania 
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UTOMATICALLY 


Exclusive FLUID-TITE Coupling joins lengths of 
various crushing strengths and sizes. Assemble 


it in any weather—without the aid of heavy 
machinery. It's water-tight and root-tight. 


| 
f 
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Springfield, Wlinois, sewage plant. In foreground, three Verti-Flo 
Clarifier Basins. Inset: Partitioning baffles divide tank into efficient 
vertical-flow cells. V-notched weirs control cell-to-cell flow, minimize 
short-circuiting. Each basin equipped with two longitudinal and one 
cross collector. 

C. C. Larson, district manager, Springfield Sanitary District; A. Paul 


T per, district engi ; Jenkins, Merchant & Nankivil, consulting 
engineers. 


REX’ Verti-Flo Clarifiers 
boost capacity, reduce space 


Thousands of dollars in valuable plant space 
were saved when consulting engineers and the 
management of the Springfield, Illinois, Sani- 
tary District selected Rex Verti-Flo Clarifiers 
for their recent plant expansion. In addition, 
their selection provides for economical plant 
growth in the future. 

Rex Verti-Flo’s unique design gives Spring- 
field over twice the capacity of conventional 
clarifiers—in the SAME amount of space. 

An exclusive operating principle provides 
this increased capacity: a system of multiple 
cells changes the flow from horizontal to ver- 
tical. The main body of each Verti-Flo tank is 
proportioned into four cells with a generous 
weir length around each. 

Another important reason why Verti-Flo op- 
erates efficiently at higher overflow rates is this: 
it allows a tank to be hydraulically balanced 
after construction. 


Easily Adapted to Existing Tanks 
Existing tanks can be readily converted to the 
Rex Verti-Flo design. Better results are assured 
and increased capacity is guaranteed. Both cost 
and alterations to existing structures are 
minimized. 


Send for Full Information 
To obtain maximum capacity in any old or new 
plant, find out about Rex Verti-Flo Clarifiers. 
Write CHAIN Belt Company, 4606 W. Green- 
field Avenue, Milwaukee 1, Wisconsin. 


CHAIN BELT COMPANY 


Wi At the new Springfield, Illinois, plan we 
= 
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(oats DON’T HAVE 


PATENT 2,892,557 


ENDS DUMPING 


SEWERAGE 
LOADS DIRECT uf = 
INTO TRUCK ON STREETS! 


RELIEVES WORKERS 
OF 3 HARD JOBS! 


The TRUCK-LODER frees your workers from the hard 
jobs of manually dumping the bucket on the street 
— shoveling deposits into the truck, and cleaning up 
the street. 
With the TRUCK-LODER two men can accomplish 
far more than four with conventional bucket 
machines, thereby freeing the extra men for other Use With Your Present 
important sewer maintenance work, Machines 
Users report the elimination of time-consuming 
operations has increased sewer-cleaning capacity Use Truck-Loders on the 
by 40%. They agree that TRUCK-LODER Bucket dumping end and your 
Machines exceed all performance estimates. regular machines on the 
Your Flexible representative will be glad to give Pull-In end. Net result—two 
you facts and figures at your convenience. complete, modern Truck- 
Loder units. 


3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
1005 SPENCERVILLE ROAD, LIMA, OHIO 
415 SOUTH ZANGS BLVD., DALLAS, TEXAS 


| 
| 
| | 
| Your Sewer Crewis 
WORKING TOO HARD! 
“=| 


JOURNAL WPCF 


“They wuz a little slow 
beginnin’... but look at 'em 


lay Tyton now!” 


= 


FOR WATER, SEWERAGE AND 


Gr 
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TYTON 


ONLY FOUR SIMPLE ACTIONS 


everybody’s 
doin’ it 


Laying Tyton Joint” pipe, that is. This easy-to-assemble 

pipe is so foolproof even a bear can get in the act. insert gasket with groove over bead in gasket seat 
Only one accessory needed—a simple rubber gasket. No bell 8 simple hand operation 

holes. No caulking equipment. No nuts or bolts to 

fiddle with. No weather worries, either. Tyton doesn’t mind 

wet feet can be laid in rain or wet trench. 

Result: more working days, more lengths laid per man 

hour, lower installation cost. Sound interesting? 

It is! Call or write for the facts 


Wipe film of Tyton joimt® lubricant over inside of 
gasket. Your receiving pipe is ready 


Insert plain end of entering pipe until it touches 
gasket. Note two painted stripes on end 


U.S. PIPE AND FOUNDRY COMPANY 
Genera! Office: Birmingham 2, Alabama 


Push entering pipe until the first painted stripe dis 

appears and the second stripe is approximately flush 
INDUSTRIAL SERVICE [cast @Jimon with bell face. The joint is sealed... bottle-tight, 
i. y' The job's done fast, efficiently, 
economically Could anything be simpler? 
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A glance at the two diagrams above will 
quickly show simplicity of installation. 
Further study of equipment costs will add 
to the proof of savings when you install 
Gorman-Rupp High-and-Dry Sewage 
Pumps. These economies are possible 
through design features which permit self- 
priming in lifts up to 15 feet, positive 
action, and nearly complete avoidance 
of clogging. 

Gorman-Rupp Sewage Pumps need 
almost no maintenance compared to sub- 
merged pumps. No need to service by en- 
tering pit or raising pump. Just a turn of 
the handle and the end plate is off. 

In lift stations and sewage plants, these 
Gorman-Rupp units have shown amazing 


wvings .. . operating where others have 


WPCFE 


SAVE UP TO 50%... 
GORMAN-RUPP SEWAGE PU 


failed. 2'’, 3’, and 6’’ pumps—con- 
nected to your power or ordered complete 
with power units. Write for specifications. 


THE GORMAN-RUPP COMPANY 
305 Bowman Street - Mansfield, Ohio 
Gorman-Rupp of Canada, Ltd., St. Thomas, Ontario 


In Jacksonville, Florida, a 3-inch Gorman-Rupp 
pump replaced a submerged pump after 244 
years in service. 
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ORIFICE 
OR VENTURI 
TRANSMITTER 


ELECTRICALLY CONTROLLED CHLORINATION SYSTEMS 


The commands are electric. The operation is 
automatic. Engineered by F & P . . . chlorination 
goes modern. 

Regulate chlorine feed rate precisely, automatic- 
ally with electrical signals from program controllers, 
multiple and step rate controllers, automatic pro- 


portioning controllers, remote controllers, magnetic 
flowmeters, and residual analyzers. Don’t invest in 
any chlorination system until you check out F & P 
Electrically Controlled Chlorination Systems. 
Fischer & Porter Company, 1140 Fischer Road, 
Hatboro, Pennsylvania. 


—) FISCHER & PORTER COMPANY AND CHLORINATION 


‘These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth. FISCHER & PORTER LTD. WORKINGTON CUMBERLAND. ENGLAND ¢ FISCHER & PORTER GmbH, GROSS- 
ELLERSHAUSEN, BE! GOTTINGEN GERMANY © FISCHER & PORTER NV. KOMEETWEG 11. THE HAGUE, NETHERLANDS © FISCHER & PORTER Pty LTD. 184 HANNA ST SOUTH MELBOURNE, VICTORIA, AUSTRALIA. 
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A customer in Schenectady, N. Y., loads the trunk of his 
car with bags of 'Orgro,"’ the Flash Dried digested sludge 
produced at the City’s Treatment Plant. If you would like 
to know more about the Schenectady operation, drop a 
line to the Raymond Division, New York, at the address 
shown below. 


Can you think of a better way 


to dispose of sewage sludge? 


At first glance, the trunk of a car may seem to be a 
peculiar place to deposit sewage sludge. But when the 
sludge is dry, sterile and neatly packaged, it can be a 
marketable commodity rather than a bothersome waste. 
When uncontaminated with noxious industrial 
materials, it is an excellent soil conditioner. Its sale 
produces revenue for the treatment plant, eliminates 
the nuisances of drying beds, lagoons and 

ash disposal and, at the same time, renders a service 
to the people of the community. 


= 


What's the best method of drying sludge? 


It’s the C-E Raymond Flash Drying System, a system used by com- 
munities large and small across the nation, a system proved in service 
and one which dries more filter cake than all other systems combined. 


COMBUSTION ENGINEERING 


RAYMOND DIVISION, 1132 West Blackhawk St., Chicago 22, Illinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 510 West Sixth Street, Los Angeles 14, Cal. 


. C-159A 
Canada: Combustion Engineering-Superheater Ltd. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 


ft; 
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IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 


strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 
required. 


1OWA SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


For 50 years a reliable source for 


precision engineered products 


/ 


CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


1OWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


FLAP VALVES—ail 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 
and seat ring—when required. 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


IOWA SLUICE GATES—can be used 
in lines having both seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


A Subsidiary of 
James B. Clow & Sons 


Oskaloosa, lowa 


173a 
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a ‘comeback’ in 18 years”’ 


...with Transite Sewer Pipe 


says Anthony Garcia, President 


te my eighteen years of installing 
Transite sewer mains and house later- 
als, I have never had a ‘comeback’ be- 
cause of line failures. Most of the 
installations have been 100°7 under 
water. Therefore, tight joints that stay 
tight are absolutely essential! For these 
reasons Transite has always been my 
choice for sewer line service. I never 
worry about passing leakage or infiltra- 


Allerton Construction Co., New York 


tion tests. I playitsafe—with Transite.” 


You'll want to read how Johns- 
Manville Transite® Pipe has helped 
other contractors increase their profits 
and productivity . . . in the informative 
and interesting new, 8-page booklet, 
TR-206A. Send for it now! Address 
Johns-Manville, Box 14, New York 16, 
New York. In Canada, Port Credit, 
Ontario. 


JOHNS MANVILLE 


Jouns-Manvitte 


PRODUCTS 
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CUTS SEWAGE TREATMENT COSTS UP TO 27% 


Gilbert W. Clifford F. M. Cahaly Marion C. Weich, Richard A. Stevens, A.1.A. 

Gilbert W. Clifford & Fay, Spofford & Thorndike Cons. Engr. tevens & Bertin, Architects 

Associates : Boston, Massachusetts Lexington, Ky. Rochester, York 

Treasure Island, Florida Chose a Cavitator® plant Specified Hi-Cone® for the Kingdom Plaza Shopping 

Designed around Hi-Cone for Kent County Hospital, Lansdowne Subdivision Center, Seneca Falls, N. Y. Specified Hi-Cone®™ for 
for the Carol City, Florida Warwick, R. |. Lexington, Kentucky Clearwater's Marina plant 
plant 


Cavitator® Engineering Report: technical analy- 


@ Lowest capital costs sis and report covering cost and performance. 


@ Shortest aeration period; lower power demand 
@ Tank walls and floor continuously scoured O The Hi-Cone® Studies: Or. W. E. Howland’s Study 
@ Lowest operating and upkeep costs and C y on the M Reports. 

@ No falling off in efficiency 

@ No diffusers, blowers, or air cleaners YEOMANS Brothers Company 

@ No diffuser cleaning 1999-7 N. Ruby St., Melrose Park, Ill. 

@ No expensive blower housing 

Call in your Yeomans representative to fill out details on the cost 
story, or request the performance reports offered at right. 


Please send me copies of the reports checked above 


Name_____ 


Title 


Organization 


Address__ 


State... 
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How Lincoln, Ill., sewage plant SOLVED 
HEAVY GREASE LOAD PROBLEM 


with one Dorrco Vacuator® 


A large institution’s decision to grind all its garbage threw a 
monkey wrench into Lincoln’s plans for improving its sewage treat- 
ment plant. The institution was already a heavy grease contributor. 
Increased strength of the sewage would be tremendous. Calculations 
showed that Lincoln must be prepared to handle wastes equal to 
those of a town double its size! 

Could the town alter its plans, handle the heavier loads and do it 
efficiently and economically? 

It did — with the help of Dorr-Oliver equipment. In one major 
move a 26’ dia. Dorrco Vacuator was installed for primary treatment 
and the original settling tanks became intermediate tanks. In the 
first year of operation, BOD removal through the Vacuator ranged 
from 19 to 27% — averaging 22%. Suspended solids removed aver- 
aged 34%. Not only that, the Dorrco Vacuator proved it could reduce 
digester requirements by pumping thick sludge averaging 3.6% in 
solids content to the digester. In short, the Dorrco Vacuator was a 
vital factor in solving Lincoln’s problems — for years to come. 

Complete information on the Dorreo Vacuator is readily available. 
Ask for Bulletin No. 6301. Or write for details on the complete line 
of Dorr-Oliver equipment for sewage treatment. 


Pient é t Low A Consulting Engineers: Crawl 
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Sewage Works 


Space 


Man will soon leave Earth’s atmos- 


phere and travel in space. In the 
future, colonies will be established on 
other planets, and perhaps eventually 
in other galaxies. But, however far 
the space traveler goes, he will always 
be subject to the physical and psycho- 
logical limitations of man. It is pos- 
sible that given enough time, these 
limitations may be eased through 
genetic adjustment of man himself to 
a particular set of environmental con- 
ditions. An example of this is the 
characteristic ‘‘barrel-chest’’ of Peru- 
vian Indians who live in the Andes— 
an adaptation to the low oxygen con- 
tent of air at 14,000-ft altitude. How- 
ever, in space far more than on Earth, 
man will encounter a wide variety of 
environments which are not in their 
natural state conducive to his survival. 
Man must use his skill, experience, 
and ingenuity to transform the condi- 
tions of space and of other worlds into 
environments where it is possible not 
only to survive but to exist comfort- 
ably. 

It is essential to man’s health on 
Earth that he maintain sufficient con- 
trol over the disposal of waste, both 
biological and industrial, to prevent 
disease. As long as man was nomadic 
and there were no large population 
centers, the problem was not critical. 
It was necessary only that man not 
contaminate his sources of food and 


* Presented at the 3lst Annual Meeting of 
the California Sewage and Industrial Wastes 
Assn.; Long Beach, Calif.; Apr. 29-May 2, 
1959. 


SANITATION IN SPACE * 


By LAUREL VAN DER WAL 


Technology Laboratories, Inc., Los Angeles, Calif. 
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water, and the likelihood of this was 
small since he was continually chang- 
ing his dwelling place. As man popu- 
lated and overpopulated the choicer 
dwelling sites, the occurrence of disease 
of epidemic proportions as a conse- 
quence of improper waste disposal in- 
creased. Even today, epidemics con- 
tinue to ravage areas of the world 
where the problems of sanitation have 
not been adequately met. However, 
in the United States, as in numerous 
other countries, standards of sanita- 
tion have been developed which sue- 
cessfully maintain a healthy environ- 
ment for man on Earth. Here then is 
the skill and experience necessary to 
resolve the problems of providing a 
healthy environment for man in space. 


The Basic Problem 


There is, however, one important dis- 
tinction between these two problems of 
sanitation on Earth and in space. On 
Earth, it is only necessary to prevent 
contamination of environment 
which is basically a compatible one. 
In the regions of space and on other 
worlds, the natural environment will 
be hostile to man. Therefore, it is 
necessary first to provide a friendly 
environment and then, as on Earth, to 
protect this environment against con- 
tamination. 

How urgent is this problem of de- 
veloping such an environment-control 
system for manned space flight? From 
the biomedical standpoint it is pos- 
sible today to keep a man alive in 
a small satellite capsule for several 


354 


hours, perhaps for as long as two days. 


Unfortunately, the reliability of the 
vehicles which must be used to launch 
a manned capsule into orbit is not high 
enough to warrant an attempt today. 
But the vehicles have been constructed 
and are being tested; no conceptual 
problems remain to be And 
the current flight-test programs are 
specifically aimed at improving relia- 
bility. It will not be before 
manned space flight, on a short term 
basis, will be a reality. 


solved. 


long 


that 
ean 


Performance calculations show 
these tested 
also be used to send an appreciable pay- 
load to Mars. 
to Mars would last about three years; 


vehicles now being 


But a manned mission 
; 
260 days for the trip from Earth, 464 
days on Mars awaiting proper position- 
ing of the two planets for launching 
the vehicle from Mars, and 260 days 
for the 
environment-control system now avail- 


return voyage. There is no 
able which can maintain a closed eeol- 
ogy for so long a time. Furthermore, 


there are a number of conceptual prob- 


Payload Weight 


200-MILE BALLISTIC MISSILE 
PLUS ADDED STAGES 
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lems in the operation of such a system 
which are yet unresolved. This, then, 
successful 


flight 


major obstruction to 
achievement of extended 
in manned vehicles. 


IS a 


space 


Vehicles for Space Travel 
Figure 1 is a qualitative representa- 
tion of current vehicle capabilities, as 
an indication of the nature of the 
problem. 

The lines represent the pay- 
load capability of three types of cur- 
rently available ballistic missiles, 
for the 
the abscissa. 


solid 


plus 
mis- 
The 


crosshatched bands represent estimates 


added stages, when used 


sions indicated on 
of payload requirements for maintain- 
ing one man and two men on the re- 
spective missions. lor example, a ve- 
locity of about 26,500 fps is required 
orbit at 200 
This velocity 
Intermediate 
plus added 
payload which is 
and 


to place a_ satellite in 
nautical miles altitude. 
can be achieved by an 
Ballistic Missile, 
stages, carrying a 
sufficient to 


>. 
Range 


sustain recover one 


ICBM PLUS ADDED STAGES 


25,000 
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200-Mi ALT. 


+ 
35,000 40,000 


FLIGHT FLT TO 
AROUND VENUS 
MOON (ONE 
way) 


FLT TO 
MARS 
(ONE 
wary) 


Minimum Velocity Requirements in Feet per Second 


FIGURE 1.—Effect of velocity requirements on payload-carrying capacity. 
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man. If a flight around the moon is 
considered (requiring velocity of 
49,000 fps), it is seen that an Inter- 
continental Ballistic Missile, with 
added stages, can carry an appreciable 
payload on this mission, but the pay- 
load is not great enough to permit a 
man to be included in the vehicle. In 
order to extend the man-carrying capa- 
bility of space vehicles to more sophis- 
ticated space missions, two possibilities 
exist. Either the load-carrying capa- 
bility of the vehicles must be im- 
proved, which would move the solid 
lines upward on the graph, or—of more 
interest here—the weight requirements 
for sustaining the man must be re- 
duced, thus moving the bands down- 
ward. Either or both of these im- 
provements would permit attainment 
of higher velocities with the required 
payloads, and thus make possible more 
ambitious space missions than can now 
be foreseen. 


Environment-Control Problems 

Man's initial venture into space will 
be in a tiny space capsule, at first for 
only a few hours, but later for periods 
of days, weeks, or more. The next 
step will be a permanent space station, 
and visits to and colonization of other 
planet worlds will follow. The prob- 
lem of sanitation in space may be ap- 
proached by considering the character- 
istics of each of these environments, 
their basic differences from the normal 
Earth environment, and the space ap- 
plicability of current solutions for 
sanitation problems on Earth. 

The most difficult environment-con- 
trol problems are those which must 
be solved for the space capsule, rather 
than for the space station or moon 
colony; as the size of the controlled 
environment increases, the weight and 
volume allowed for the solution of 
these problems will increase, permit- 
ting refinements to produce a situation 
more closely approximating that on 
Earth. 

First, picture the intrepid space-man 
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confined in a tiny capsule no larger 
than a telephone booth, traveling at 
velocities up to 35,000 fps through 
field-free space, along a_ trajectory 
which passes through widely differing 
regimes of temperature and pressure. 
The capsule is for this man a terrella, 
‘*a little Earth’? which must provide 
all that he needs to remain alive and 
well. This little Earth has no oxygen- 
rich atmosphere and no gravitational 
field. It will be contaminated by 
gaseous, liquid, and solid wastes pro- 
duced by man’s normal metabolic proc- 
esses, by preparation of and residue 
from food, by washing and cleaning, 
by operation of component equipment, 
and so on. It will also be exposed to 
contamination by cosmic radiation 
from space and, if nuclear rockets are 
used, from the propulsion system or 
auxiliary power supply. It is an 
Earth whose weight and volume are 
strictly limited by the payload eapa- 
bilities of the launching system for 
any given mission. 

In one sense, the complex of prob- 
lems in the capsule may be viewed as 
a miniature or model of the sanita- 
tion problems that are beginning to 
be evident in large cities today. The 
quantity of waste resulting from the 
growing population and increasing in- 
dustrialization requires new techniques 
for its disposal. Waste products on 
Earth eventually contribute to the 
sustenance of living organisms through 
natural cyclic processes occurring over 
long periods of time. Water shortages 
and fertilization needs call for the 
speeding up of this natural process of 
reclamation by techniques which may 
contribute to the solution of reeyeling 
problems for space applications. Simi- 
larly, as the air in the capsule must 
be treated to prevent excessive concen; 
trations of carbon dioxide, water 
vapor, and other toxic or unpleasant 
gases, so too the air pollution in cities 
must be decreased. The techniques of 
smog control are probably not direetly 
useful because of the scale of the prob- 
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the nature of the contami- 
And there are other factors to 
be considered a 


lem and 
hants. 
the net pressure in 
the capsule will be half, or less, the 
normal atmospheric pressure on Earth ; 
and (b) nitrogen may be replaced by 
helium as the inert component of air 
in the capsule, or pure oxygen may be 
used. 

As another example, just as man in 
the eapsule must be protected from 
cosmic radiation, so too must man on 
Earth devise means of protection from 
the radiation level due to 
radioactive fallout. 


increasing 


Such new problems at the frontiers 
of sanitation on Earth are in many 
respects analogous to the difficulties 
faced in the design of a system for 
The 


STOW 


margins of 
cities smaller as 
populations increase. The boundaries 
of the world are tightening. At the 
same time, new problems of radiation, 
reclamation, and air pollution are 
The elements of the 
Earth-sanitation problem are observed 
in their most eritical form in the cap- 
sule problem. 


space applications. 
operation in 


arising. basic 


Space and City Sanitation 


There important differences, 
however, between the problems of sani- 
tation in space and in modern cities. 
These differences are defined first by 
the physical environment and second 
by the state of missile engineering as 


are 


reflected in the payloads which can be 
carried on space missions. 

The most important physical differ- 
ence arises from operation of space 
sanitation gravitational 
fields significantly different from that 
at the surface of Earth. For example, 
the designer of a sanitation system to 
be installed on the moon would have 
to keep in mind that everything on the 
moon weighs one-sixth its normal 
weight on Earth. This would, of 
course, affect hydraulic design. On 
larger planets, such as Jupiter, the 
gravitational field would be much 


systems in 
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stronger than Earth’s with correspond- 
ing problems. The major difficulties 
from gravity changes will be encoun- 
tered when the vehicle is in a 
zero gravity field, as in all satellite 
flights (whether small 
large permanent space stations), and 
in the coast phase of flights between 
planets. 


Space 


capsules or 


Design Criteria 

We igh tlessness 

Sanitation equipment to be used in 
space must be designed to operate 
under conditions of weightlessness. 
This would mean, for example, that 
there would be no gravity head to force 
water out of a tap when the valve is 
opened. If a positive pressure feed 
were provided to force water out of 
a pipe, there soon would be globules of 
water ricocheting all over the capsule. 
Also, aeration 
used for treatment of 


processes commonly 


urban waste 


products would be seriously disrupted 


under zero gravity conditions. Gase- 
oxygen introduced into a waste 
would probably oxidize the 
organic components as on Earth. How- 
ever, the products of this combustion 
would not 


ous 


solution 


rise to the surface because 
the gas and liquid would weigh ex- 
actly the same amount per unit volume 
in a zero gravity field—namely noth- 
ing. This is well illustrated by some 
studies performed by the Air Force at 
Wright Development Division using the 
ingenious ‘‘ parabolic-are technique’’ to 
obtain short periods of weightlessness 
(1). 
Absence of Atmosphere 

A second physical characteristic of 
space which will affect sanitation sys- 
tem design is the total absence of any 
external atmosphere. Obviously the 
common procedure of ventilating an 
area with large volumes of air at high 
flow rates to remove undesirable gase- 
ous eannot be used in 
Furthermore, organic material 
jettisoned in space will not decompose 
no matter how long it stays there. 


contaminants 
space. 


| 
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Supply Limitations 

This the third physical 
principle which must guide the de- 
signer of equipment for space sanita- 
tion. Not only is it impossible, in an 
absolute sense, to dispose of matter in 
space, it is also impossible, for the 
present at least, to collect matter from 
space which can be used in waste proe- 
There are no external supply 
warehouses. All materials 
must be earried in the capsule from 
the surface of Earth as a part of the 
strictly limited payload. 

A corollary to this condition is that 
man must live with everything which 
is included in the capsule when it 
leaves the surface of Earth. Not only 
must every precaution be taken to 
eliminate known potentially harmful 
bacteria from the system, but the pos- 
sibility of changes in the nature of 
normally benign organisms, as a re- 
sult of space conditions, must be con- 
sidered. Especially is this true of or- 
ganisms which reproduce a generation 


suggests 


essing. 


necessary 


every few hours. Some research is 
needed to investigate the mutation 
rates of harmless bacteria when ex- 
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FIGURE 2.—Artist’s schematic drawing of the USAF-Winzen Research Inc. MAN- 
HIGH gondola showing location of internal instruments and components. 
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posed to the cosmic radiation intensities 
anticipated in space. It is not ineon- 
ceivable that mild common-cold germs 
which man harbors on Earth may, af- 
ter a few days, and numerous genera- 
tions, in space, be converted to forms 
which cause previously unknown and 
fatal maladies. 


Weight and Space Limitations 


Finally, the equipment must be de- 
signed to occupy a minimum space 
and must be as light as possible. The 
importance of these volume and weight 
conditions cannot be overemphasized. 
As was shown in Figure 1, the space 
mission capability of current rocket- 
powered launching vehicles is a direct 
function of the payload weight. 

Two and a half years ago a fore- 
runner of the first space capsule was 
used to carry a man to the edge of 
space in the Manhigh II balloon flight 
(2). This program was also critically 
limited in payload weight, but cer- 
tainly no more so than the initial space 
capsule program. Figure 2, which 
shows the Manhigh II capsule, clearly 
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indicates that there is very little room 
for additional equipment. 


Possible Solutions to Problems 


It is now in order to consider some 
of the possible solutions to the capsule 
sanitation problem, keeping in mind 
the four controlling conditions of 
weightlessness, absence of atmosphere, 
minimum volume and weight, and the 
lack of external supply sources. 


Open Cycle System 


At present, life support systems are 
capable of only a few hours’ operating 
duration. Research and development 
now under way may extend this period 
to perhaps a week. Current methods 
of handling wastes, for flights of a few 
hours, include dietary control of fecal 
material, storage of urine in ducts built 
into the subject’s suit, and chemical 
absorption of water vapor and carbon 
dioxide. 
sonal hygiene or 


No provision is made for per- 
for control of trace 
poisons which would become eritical 
if allowed to accumulate on longer mis- 
sions. 


Food, water, and oxygen are 
stored separately and supplied as 
needed, with no reclamation or re- 


eyeling. The weight penalties im- 
posed by these techniques are a major 
factor in limiting man’s flight duration 
capability to a maximum of about two 
days. 

This open cycle system, including 
storage but no reuse of waste prod- 
ucts, is the technique used in the Man- 
high II flight The weight 
breakdown for this capsule is shown 
in Table I. The indicated weights are 
those needed to support a man for a 
period of 48 hr, ineluding an environ- 
ment-control system weighing about 
200 Ib plus power. 


capsule. 


It has been reported that the pay- 
load allowance for the rocket which 
will carry the first man into orbit is 


about 2.200 Ib, or 600 Ib more than 
the total weight of the Manhigh II 
capsule. However, the additional 


weight allowance is not sufficient for 
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TABLE I.-Manhigh II Capsule Weights 

Weight 
Equipment and Supplies Ib) 

Man and personal equipment 250 
Structure 200 
Instrumentation and communication 300 
Power supply 600 
Experiments . 60 
Oxygen supply 
Air purification system 120 
Food and water 20 
Total 1,620 


the design changes which could eon- 
vert the balloon gondola to a satellite 
vehicle. include additional 
structure to withstand the more severe 
flight loads, a re-entry heat shield, a 
more elaborate recovery system, modi- 
fication of component equipment for 
operation in weightlessness, ete. 
Therefore, the life system 
the space capsule must be 
more efficient than that used 

Manhigh II flight, even for 
short-term space ventures where open 
An abso- 
lute maximum weight allowance might 
be about 80 lb/ man-day, including the 
required power supply. Even if de- 
sign improvements produced a system 


These 


support 
used in 
much 

on the 


cycle systems are suitable. 


weighing only 50 Ilb/man-day, it is 
evident that the open cycle system is 
not suitable duration 
sions. 

Even for flights of only a day or 
two, storage of waste products becomes 
a problem. It might appear that the 
easiest way to dispose of waste would 
be to jettison it. There several 
minor reasons why this would be un- 
Waste ejection would re- 
quire the use of an air lock to limit 
the escape of the inner atmosphere of 


for long mis- 


are 


desirable. 


the capsule into space as the package 
is being thrown out. But some capsule 
atmosphere would inevitably be lost 
and would have to be replaced from 
storage. Also, it must be remembered 
that material thrown into space will 
not decompose, and that it will con- 
tinue to move at the velocity it has 
upon its release from the capsule. Con 


i 
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sequently, material dropped over the 
side with no significant velocity eom- 
ponent with respect to the vehicle 
would remain in a fixed position rela- 
tive to the capsule. Aside from 
aesthetic considerations, the Martians 
would probably not be very impressed 
if the first Earthship arrives in a cloud 
of refuse. This concept was illustrated 
a century ago by Jules Verne in his 
story of a trip to the moon. One of 
two dogs taken along by the moon 
voyagers died en route and was ‘put 
outside.’’ The dead dog stayed there 
for the remainder of the trip—a rather 
gruesome reminder that one cannot 
use Earth techniques for waste dis- 
posal in space. 

Ilowever, the major reason why jet- 
tisoning is undesirable is that material 
is lost which could potentially be eon- 
verted into oxygen, water, and _ pos- 
sibly even sustenance. It is of vital 
importance that the maximum use and 
reuse be made of every pound of pay- 
load lifted from the surface of the 
Earth. 

Jettisoning is the most obvious ex- 
ample of an open cyele system for 
space sanitation. Sewage and waste 
disposal techniques now employed in 
treatment plants on Earth must also 
be considered open cycle. Methods of 
waste disposal involving primary sedi- 
mentation, followed by an activated 
sludge process or trickling filter, and 
then by another process of sedimenta- 
tion, possess a number of obvious dis- 
advantages for use in space. The 
weight, bulk, and time required for the 
process to be completed would impose 
prohibitive limitations. Sedimentation 
would not be possible under zero grav- 
ity conditions, and as previously men- 
tioned the aeration process would re- 
quire much modification. The use of 
bacteria as a means of sewage treat- 
ment is not entirely satisfactory be- 
the bacteria require oxygen, 
which is at a premium in the eap- 
sule, and give off carbon dioxide. Man 
alone respirates enough earbon dioxide 


cause 
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to create a toxic atmosphere within the 
capsule in a short period of time. An 
ideal system is one that would absorb 
carbon dioxide and give out breathable 
oxygen. 

It is possible that new techniques for 
handling terrestrial waste may have 
characteristics which are adaptable to 
space use. For instance, the Zimmer- 
man process of wet combustion of 
waste by high pressure oxidation is 
much quicker than other methods and 
produces highly desirable end products, 
but it has disadvantages which would 
preclude its use in space. As used on 
Earth this process requires a pressure 
of 1,200 psi and attains a temperature 
of 460°F. The structural weight of 
the container for such a_ pressure 
would be excessive, and dissipation of 
excess heat is already a problem. 


Semi-Open Cycle Systems 


It has been shown by the Manhigh 
flights and by numerous ground tests 


that chemical absorption of waste 
gases is a workable solution, even 
though the weight penalty is pro- 


hibitive for flights of more than a few 
days’ duration. It is possible that 
semi-open cycle systems might be de- 
vised in which the chemical absorbents 
can be used again after appropriate 
processing, and thus possibly reduce 
the total weight. However, the major 
inadequacy of all chemical systems is 
that they fail to provide the oxygen, 
water, or sustenance that is so vitally 
needed. 

The ideal environment-control sys- 
tem is one in which the required oxy- 
gen and other supplies are obtained 
from waste products which are con- 
tinuously converted to usable forms. 
There are several posible approaches 
to reuse of all waste material. One 
method would be to treat various 
wastes separately, i.e., having one sys- 
tem to maintain a breathable atmos- 
phere, another to obtain fresh water 
from liquid wastes, and so on. Much 
work has already been done on such 
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FIGURE 3.—Schematic closed ecology. 


Kor ex- 
ample, methods have been developed 


component recycling systems. 


to purify urine by distillation, freezing, 
and electro-osmosis. These systems for 
recycling water can limit the weight 
of water required per man to 5 to 10 
lb for an indefinite time. 
each of these methods 
waste which 


stored, jettisoned, or 


llowever, 
has its own 
must either be 
ideally 


residue 
reused. 


Closed Cycle Systems 


This brings about the consideration 
of a true closed ecology, in which es- 
sentially all 
liquid, and gaseous 


waste solid, 
are used to pro- 
vide fresh supplies needed by man. 
This concept is illustrated in Figure 
3. On the Karth, man 
interacts with the sum total of his 
environment, so that the right-hand 
box in the figure represents the atmos- 
phere, the sun, all other living organ- 
(ineluding his fellow men), the 
products of civilization, ete. In the 


products 


surface of 


isms 
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space capsule, the problem is simpler, 
since the factors affecting the welfare 
of man are much diverse, 
known, and can be controlled. 
Figure 4 is a schematic representa- 
tion of a typical closed ecology for 
space applications. As shown, water, 
food, and oxygen are the basic supplies 
required by the man, who in turn pro- 
duees water (vapor and liquid), ear- 
bon dioxide, urea, other waste 
products. ‘These materials are circu- 
lated through a filtering system, where, 
as on Earth, the wastes are processed 
into forms more easily 
later phases of the eycle. 


less are 


and 


handled in 

Here also, 
the liquid wastes are processed to pro- 
vide potable water for the man. After 
being processed in the filter chamber, 
the waste solution is piped into the 
algae tank where, by photosynthesis, 
the carbon dioxide is converted to oxy- 
gen. <A light source is required for 
the photosynthetic process. Further- 
more, the algae is a source of not par- 
ticularly palatable, but still nourishing 
food. In all probability, some small 
amount of additional food will have to 
be supplied, and some small amount of 
unusable waste will have to be stored 
or jettisoned. This system is, how- 
ever, self-sustaining, and 
experiments with such a system at the 
Air Foree School of Aviation Medicine 


essentially 
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FIGURE 4.—Schematic closed ecology for space. 
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have been successful in supporting the 
life of mice for a number of days (3). 
The duration of these experiments was 
limited by operational failures of the 
equipment, not by inadequate produe- 
tion of required supplies. 

How much algae is required to sup- 
port a man? Until quite recently, the 
rule-of-thumb number was five pounds 
of algae per man, in a solution of one 
cubie meter of water, exposed to light 
in a sheet not more than about two 
inches deep. This requirement added 
up to more than a ton per man, ex- 
clusive of power requirements for 
lights and pumping. This discouraging 
outlook has recently been improved 
by the announcement of a new strain 
of algae, developed at the University 
of Texas, which increases 1,000 times 
a day, instead of only 8 times a day 
for the old strain (4). Similarly, 
scientists at the University of Cali- 
fornia at Berkeley have announced a 
particularly sturdy strain of algae 
capable of withstanding the thermal 
stresses anticipated in space flight (5). 
Thirty to forty gallons of algae solu- 
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tion of this type is sufficient to support 
a man, and it is anticipated that this 
figure will soon be reduced to 15 gal 
or about 125 lb/man. 

This type of major technological 
breakthrough is essential if the weight 
of a closed ecology is to be kept within 
reasonable bounds. Certainly there is 
still room for improvement in the algae 
chamber design, and—perhaps even 
more—in the filter and processing unit. 
Unfortunately, there is a limit to the 
improvement possible in the third ma- 
jor component, the man, although some 
very interesting work is being done at 
the University of California at Los 
Angeles in quick-freezing of living sub- 
jects (to date non-human), which 
would reduce not only metabolic input 
requirements but also production of 
wastes. 


Selection of Life-Support Systems 


It should not be concluded, however, 
that even with major improvements, 
the closed cycle system will ultimately 
be used for all space missions. For 
short flights, such as ferrying trips to 
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permanent space stations, the open 
cycle system will probably suffice, so 
that the handling of waste products ean 
be solved by simple storage for later 
disposal. The optimum solution for 
each mission must be determined inde- 


pendently, and will be a function both 


of the duration of the mission and of 
the technological state. 

As shown in 
of the 
linearly 


the 
system 


weight 
cycle increases 
flight duration, with 
improvements due_ to 
seale faetor effects for long missions. 


Figure 5, 
open 
with 


some possible 
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A similar plot for closed cycle systems 
is Shown in Figure 6. The weights of 
the algae chamber and of the filter 
system, pumps, and piping are inde- 
pendent of flight time, the only vari- 
able factor being the power supply. 
The relative component weights of four 
different power supplies are indicated 
as additional weight increments above 
the fixed component values. 

These two plots are combined in Fig- 
ure 7, a qualitative example of the kind 
of study necessary to select an opti- 
mum life-support system for a given 
mission. It ean be seen that, for some 
short flights, the open cycle system 
has the smallest weight penalty, while 
the closed cycle system is optimum for 
long duration missions. For flights of 
intermediate duration, the choice of 
life-support system is dependent pri- 
marily on the type of power supply 
which is available. 


Summary 

At present, vehicle capability limits 
the permissible weight for life-support 
systems to values so small that the 
open cycle system is quite adequate. 
However, the crossover point is within 
reach, not only through development of 
larger vehicles but through steady im- 
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provement in the efficiency of auxiliary 
power supplies. As space technology 
advances toward more sophisticated ex- 
plorations, the duration of these 
manned missions will depend primarily 
on the fixed weight components of the 
closed eycle life-support system. This 
is an area in which the techniques of 
waste handling, as used on Earth, can 
be adapted to make a significant con- 
tribution to the ultimate exploration 
of space. 
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Activated sludge reported to 


contain appreciable amounts of prac- 


Was 


tically all the essential amino acids 
(1), and one pound of solids from 
activated sludge had the same amount 
and kind of amino acids as one-half 
gallon of fresh cow’s milk (2). Fol- 
lowing these and other observations 
(3) further work was earried out, 
apart from a study of the quality of 
sewage effluents in relation to amino 
acids (4). The deseribed in 
this paper relates to a comparative 
study of the amino acid composition 
of activated sludge and other sludges, 
the rate at which the amino acids from 
sewage 


work 


are removed by activated 
sludge, and the rate at which they are 
removed during the natural process of 
purification of sewage at 
Bangalore. 


flowing 


Materials and Methods 
Raw Sewage Solids 


Representative samples of domestic 
sewage were collected and dried over 
a water bath and the dried materials 
were analyzed. This was done every 
time samples of sludge from the eon- 
nected septic tanks were analyzed or 
when the was used for the 
preparation of activated sludge. Simi- 
larly, dis- 
charged at the outfalls and samples 
of the flowing sewage at various points 


sewage 


samples of town sewage 


were collected and dried for analysis. 


Chemically Precipitated Sludges 


Five-liter samples of sewage 
treated with alum (450 mg/] 


were 
or lime 


344 


(900 mg/l) and the sludges formed 
were removed and dried for examina- 
tion. 


Sludge from Septic Tanks 


Samples of sludge from septic tanks 
were collected and dried. A sample 
of septic sludge kept in a bottle for 
about two was also analyzed 
along with other samples. 


years 


Activated Sludge 


Activated sludge was prepared in 
the laboratory by aerating successive 
portions of raw sewage in a bottle of 
15-1 capacity for a period of about 
one month (by the  fill-and-draw 
method). Solids from the correspond- 
ing samples of raw sewage 
dried and analyzed along with the 
resultant activated sludge. Similar 
activated sludge was used for other 
experiments. 


were also 


Protozoa Occurring in Activated 
Sludge 


The whitish fluffy masses of Epistylis 
sp. (a peritrichous ciliate protozoan) 
occurring abundantly in the activated 
sludge tank (at Ambasamudram, 
Madras State) were repeatedly washed 
in distilled water, acetone-dried, and 
analyzed. <A similar material was pre- 
pared from Epistylis sp. that devel- 
oped in the activated sludge produced 
in the laboratory and this was also 
analyzed. 


Other Materials 


A variety of waste materials at vary- 
ing stages of decomposition and other 


: 
be 
: 
a. 
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TABLE I.—-Nitrogen Content of Different 
Sewage Sludges and Other Materials 


Nitrogen 
(Percentage on 


Material oven-dry basis) 


Raw sewage solids 2.96 
Sludge precipitated with alum..... 2.86 
Sludge precipitated with lime 1.15 
Sludge from the septic tank 3.80 
Activated sludge. ee 7.43 
Protozoa in activated sludge 

(Epistylis sp.)* 10.51 
Cow dung 0.99 


* Obtained from the activated sludge plant 
at Ambasamudram (Madras State). 


washings may enter the sewerage sys- 
tem or may find their way into the 
flowing sewage at Bangalore. Because 
of this circumstance it was considered 
desirable to analyze a sample of cow 
dung for its amino acid content, for 
purposes of comparison. 

The nitrogen content of the above 
mentioned 


materials are given in 
Table I. 
Analytical Methods 
The amino acids in the sewage 


sludges and other materials were deter- 
mined by the circular paper chromato- 

graphie technique. The details of this 
technique, including the procedure for 
the preparation of the materials for 


| | 
Amino Acid 
} 
Cystine 39 | 16 
Lysine and histidine 55 | 5.5 
Arginine 4.4 
Serine, glycine, and 
aspartic acid 18.3 7.3 | 
Threonine and glutamic | 
acid | 9.5 10.0 
Alanine 7.0 | 5.8 
Proline 
Tyrosine 3.5 44 | 
Methionine and valine 15.1 | 8.7 | 
Phenylalanine 11.1 5.5 
Leucines 10.7 | 89 
Total 91.5 62.1 
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TABLE Il.—Amino Acids in Sewage, Sludges, and Related Materials, mg/g of the Dried Solids 


* Obtained from the activated sludge plant at Ambasamudram (Madras State). 
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the analysis of the amino acids, total 
and in the free form, are given in an 
earlier paper (4). The methods em- 
ployed for assessing the quality of the 
sewage effluents were mostly those ree- 
ommended by Theroux ef al. (5) and 
‘*Standard Methods’’ (6). 


Experimental Results 
Amino Acids 


The sludges and other materials 
listed in Table I were analyzed for 
their total amino acids and the results 
are given in Table II. Further stud- 
ies on the amino acids (in the free 
form and total) in activated sludge 
and septic sludge were carried out, and 
the relevant observations are recorded 
in Table IIT. 


Rate of Removal of Amino Acids by 
Activated Sludge 


In a series of suitable flasks (4-1 ea- 
pacity) 1,850-ml samples of raw sew- 
age were taken, 150-ml samples of 
activated sludge (15-per cent) were 
added, and air was bubbled through 
the suspensions. After aeration for 
one-half hour, one of the flasks in the 
series was removed, its contents allowed 
to settle, and the supernatant liquid 


Li Septic Protozoa Gee 
Sludge Slade Sh (E ylis 
1.0 0 4.2 80 | Oo 
7.5 4.2 22.4 31.6 1.7 
2.5 5.2 14.6 20.2 0.8 
6.3 9.7 31.4 34.6 | 17 
7.0 8.8 40.1 46.1 1.7 
3.9 7.4 23.4 27.8 13 
0 0 trace trace 0 
4.6 3.4 10.8 13.1 0 
3.2 7.8 27.8 37.8 2.3 
5.9 4.1 26.5 30.1 2.3 
Ba 7 9.2 29.9 40.0 2.6 
47.1 | 598 231.1 


| 289.3 
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TABLE III.—-Amino Acids in Sewage, Activated Sludge, and Septic Tank Sludges, 
mg/g of the Dried Solids 


" or Septic Tank Sludge 
Raw Sewage Activated Sludge Sept lank Sludge iy , 
1 idg Kept for About 2 Yr 


Amino Acid 
Acid Acid | Acid Acid 
Hydroly- Hydroly- | Form Hydroly- Hydroly- 
sate sate sate sate 
Cystine trace 4 0.06 14.8 
Lysine and histidine trace 5.6 0.42 | 26.9 
Arginine trace j 0.34 | 18.1 
Serine, glycine, and 
aspartic acid 0.06 2.$ 1.82 36.4 
Threonine and 
glutamic acid 0.08 3.8 | 0.84 
Alanine 0.04 | 0.90 
Proline 0 trace 
Tyrosine | 0.09 53 | O62 
Methionine and valine 1.14 
Phenylalanine 0! 4 0.72 
Leucines 2 .6 1.26 


Total 


was collected by decanting through was evaporated on a water bath and 
clean cotton wool. <A portion of the the dried solids used for the analysis 
supernatant liquid was immediately of amino acids. Thus, after aeration 
submitted to chemical and bacterial of the mixture of sewage and activated 
analysis in order to determine the sludge for further periods of 1, 2, 4, 
extent of clarification and oxidation of 6, and 24 hr, the supernatant liquids 
the sewage. The bulk of the liquid from the successive flasks in the series 


TABLE IV. Rate of Clarification and Oxidation of Sewage by Activated Sludge, mg /1* 


Effluents Obtained After Aeration of Sewage with 15-Per Cent 
Activated Sludge for Various Times 
Determination 


1 hr 2hr 4 hr | 6hr 


Turbidityt | 
3-min oxygen absorption | 
oxygen absorption 
BOD 
DO 
Total bacteria on 
nutrient agar 
(million /ml 
Ammoniacal nitrogen 
(N) 
Albuminoid nitrogen (N 
Nitrite nitrogen (N 
Nitrate nitrogen (N 
Nitrogen (N) in the 
dried solids from the 
effluents (per cent)t 


Except as noted 
f Values obtained by using Klett Summerson colorimeter with 420 filter. 
t Nitrite and nitrate nitrogen are not included. 
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| | | | | 
oleae mz 0.73 88.4 | 8.12 254.5 1.05 10.8 0.19 | 27.8 
| thr | | 24 hr 
18 | 64 53 2 |m | 2 
21 | 10 8 3 | 2 
iy 74 10 34 | 26 16 14 11 
201 | 156 129 92 |} 24 16 
‘hi, 2.4 5.0 | 6.4 7.0 70 | 80 | 84 - 
| 
25.0 109 | 76 1.8 0.6 | 0.02 
is 30.4 26.4 | 24.0 | 164 74 1.2 2.5 i 
7.0 38 33 2.5 1.0 09 | 
0 trace | trace 1.0 trace | 0 
ae 0 0 0 6.1 17.6 22.3 | 28.6 : 
Boe 2.49 1.78 1.39 0.77 0.26 0.20 : 
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TABLE V.--Rate of Removal of Amino Acids from Sewage by Activated Sludge, 


mg/g of the Dried Solids 


Amino Acid | 
| 

Cystine 9.4 
Lysine and histidine 7.2 
Arginine 
Serine, glycine, and aspartic acid | 18.3 
Threonine and glutamic acid 4.5 
Alanine | 6.1 
Proline | 0 
Tyrosine 3.5 
Methionine and valine | 10.0 
Phenylalanine 4.7 
Leucines 


Total | 86.0 


were removed and analyzed. Results 
obtained from three runs were similar. 
One set of results relating to the qual- 
ity of the effluents and their amino 
acids at different stages of purifica- 
tion is presented in Tables IV and V. 

Similar experiments were conducted 


* Effluents obtained after aeration for 6 and 24 hr did not contain any amino acid. 


Effluents Obtained After Aeration of Sewage with 
15-Per Cent Activated Sludge for Various Times* 


4 hr l hr | 2 hr 4hr 
| 0s | oO 0 
4.7 4.6 2.3 0 
8.6 7.6 3.5 0 
14.2 13.9 9.5 trace 
3.1 2.0 1.4 trace 
4.2 4.0 3.0 0 
0 0 0 0 
1.8 1.8 trace 0 
| 7A 5.2 2.9 0 
| 3.3 1.6 0.4 0 
2.8 
| 55.9 48.3 25.8 


by adding chemicals such as copper 
sulfate (20 to 50 mg/l) with a par- 
ticular view to rendering the dominant 


protozoa (species of Epistylis and 
other vorticellids) in the activated 


sludge inactive or selectively killing 
them and using the partially sterilized 


Clarification and Oxidation of Sewage Flowing on Land 
Having 1-in-50 Gradient, mg /1* 


Distance in Miles from the Outfall 


TABLE VI. 
Determination } 
| 0.17 
Turbidityt | 198 | 134 
Total solids 1,164 1,023 
3-min oxygen absorption | 38.0 24.2 
4-hr oxygen absorption | 75.6 50.8 
BOD | 254 168 
DO | 0.4 1.6 
Total bacteria on 
nutrient agar 
(million /ml) | 38.0 21.0 
Ammoniacal nitrogen 
(N) | 36.4 25.2 
Albuminoid nitrogen (N) | 18.7 12.3 
Nitrite nitrogen (N) 0 0 
Nitrate nitrogen (N) 0 0 
Total nitrogen (N) 65.2 41.8 
Nitrogen (N) in the dried | } 
solids from the effluent | | 
(per cent) 2.54 1.53 


* Except as noted. 


0.38 0.67 0.71 | 0.92 | 1.29 
100 92 50 30 12 
960 939 892 887 809 

20.8 15.0 9.0 3.8 2.6 

30.4 20.0 16.8 10.0 6.4 

142 121 56 32 10 
2.8 4.0 6.4 7.6 7.8 

18.0 11.5 - 0.01 0.002 

20.8 18.8 16.2 13.2 6.4 

10.9 8.4 3.6 1.9 0.7 

0 0 trace 0.45 0.22 

0 0 0.02 0.37 0.63 
34.0 28.6 21.6 16.8 8.9 

1.30 0.90 0.56 0.34 0.18 


+ Values obtained by using Klett-Summerson colorimeter with 420 filter. 


t Nitrite and nitrate nitrogen not included. 


Vol. 32, No. 4 347 
| | 
! 


JOURNAL WPCF 


TABLE VII. 


April 1960 


Removal of Amino Acids from the Sewage Flowing on Land 


Having 1-in-50 Gradient, mg/g of the Dried Solids 


Amino Acid 


Cystine 

Lysine and histidine 

Arginine 

Serine, glycine, and 
aspartic acid 

Threonine and glutamic 
acid 

Alanine 

Proline 

Tyrosine 

Methionine and valine 

Phenylalanine 

Leucines 


Total 60.0 


sludge for the treatment of the sew- 
age. The results indicated that the 
rate of removal of the amino acids 
from the sewage, as well as that of its 
purification, by the sludge containing 
inactive or dead protozoa 
paratively very poor. 


Was com- 


Rate of Removal of Amino Acids dur- 
ing Natural Purification 


It was reported earlier that do- 
mestic sewage flowing in the three 
natural channels at Bangalore was 
purified and was practically free from 


amino acids, although the distance that 


the sewage had to cover for its purifi- 
cation and removal of the amino acids 
depended on the gradient of the chan- 
nel (4). 
gradient was later selected for a more 
detailed study of the amino acids at 


The channel having 1-in-50 


various points in the channel. The 
sampling points and the observations 
repeatedly made on the extent of puri- 
fication and removal of amino acids 
at those points are given in Tables 


VI and VII. 
Discussion 
Activated sludge contained a much 


higher amount of amino acids than 
chemically precipitated sludges, septic 


Distance in Miles from the Outfall 
0.67 0.71 0.92 


trace 
trace 
trace 


tank sludge, raw sewage solids, or cow 
dung. This feature of activated sludge 
may, at any rate, partly be due to its 
action of rapidly removing practically 
all the amino acids from the sewage. 

It was rather significant to observe 
that by mere vigorous flow of raw 
sewage in the natural channel at 
Bangalore the amino acids in the sew- 
age were removed as rapidly as_ by 
activated sludge. The experiments 
with activated sludge and the observa- 
tions on the flowing sewage showed 
that the removal of amino acids ae- 
companied or formed a part of the 
process of purification of the sewage. 
The amino acid content of a treated 
sewage or purified effluent was found 
to influence its quality or stability 
(4). 

The bearing on the 
clarification of sewage with chemicals 
such as lime and alum raise the prob- 
lem of dissolved putrescible matter in 
the medium. Among the known meth- 
ods of sewage treatment, activated 
sludge appeared to be the only sys- 
tem capable of removing the amino 


observations 


acids practically entirely from sewage. 
The effluent from the septic tank con- 
tained an appreciable amount of amino 


acids (4), and the amount of amino 


At the | 
0.17 0.35 | 1.29 
@@ 33 31 | 25 14 | 0 
94 | 1.3 0.9 0 
6.1 | 3.5 | 3.0 2.1 0.8 | 0 
| | 
17.8 10.2 | 9.7 3.4 | 1.2 trace 
| 
= | 265 | 167 | 149 10.2 11 | 18 | trace 
* 9.4 | 3.5 2.3 20 | 12 | 0.5 | trace 
0 0 0 0 | 0 0 3 
sei 5.3 | trace trace trace trace 0 | 0 3 
5 11.7 6.9 1.9 2.8 1.2 0.8 0 : 
3 8.3 5.4 5.0 2.9 trace | trace trace 
i 13.9 | 6.3 1.6 2.9 1.3 trace 0 
51.5 | 35.5 14.3 1.3 
| 
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acids retained in the sludge in the 
septic tank was even less than that 
in the raw sewage solids. The samples 
of septic sludge analyzed did not show 
the presence of cystine. These and 
other changes in the septic tank are 
apparently brought about by bacteria 
and other forms of life which ean fune- 
tion under anaerobic or near-anaerobic 
conditions. The conditions in the acti- 
vated sludge tank are, however, very 
different. 

In discussing the several features 
characteristic of the activated sludge 
process, Baly (7) stated that ‘‘the rap- 
idity of the process is most remarkable 
when it is remembered that the hy- 
drolysis and oxidation of the harmful 
impurities by bacterial action are rela- 
tively slow, even under the optimum 
conditions of oxygen supply,’’ and that 
‘*the process not only purifies the sew- 
age from all harmful impurities, but 
also removes the bacteria, so that a 
sterile or almost sterile effluent is ob- 
tained.’’ In this connection, the in- 
fluence of certain protozoa (such as 
the species of Epistylis) on the color, 
composition, and activity of activated 
sludge was studied (8). 

The dominant protozoa (EK pistylis 
sp.) in the activated sludge, on equal 
dry basis, however, contained even a 
higher amount of amino acids than the 
sludge. Similar protozoa were found 
to oceur abundantly in the region of 
natural purification of flowing sewage 
(9). Inactivity or death of the pro- 
tozoa in activated sludge adversely af- 
fected the removal of amino acids from 
sewage by the sludge. Investigation 
into the requirements of amino acids 
for the growth of these protozoa and 
other organisms would be interesting. 
Mention may be made of the study of 
the relation of the concentration of 
amino with the growth of 
Sphaerotilus which developed only in 
diluted (10). 

The observations 


acids 


sewage 


recorded in this 


paper, however, emphasize the question 
of dissolved 


putrescible matter like 
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amino acids in sewage and show more 
clearly an aspect or principle of puri- 
fication which has not been adequately 
appreciated in activated sludge and 
which is also appreciable in the natural 
purification of flowing sewage. This 
principle seems to have a marked bear- 
ing on the conservation or concentra- 
tion of nitrogen in the system. 


Summary 


The amino acid composition of raw 
sewage solids, chemically precipitated 
sludges, septic tank sludge, activated 
sludge, protozoa in the activated 
sludge, and cow dung was studied. 
All these materials contained practi- 
cally all the essential amino acids, the 
activated sludge and the protozoa con- 
taining by far the highest amounts. 
Cystine was not present in the samples 
of septic tank sludge and cow dung 
examined. 

During purification of sewage by 
the activated sludge process as well as 
during natural purification of flowing 
sewage, the amino acids in the sewages 
were removed at a rapid rate, so that 
the final effluents from these systems 
were practically free from the amino 
acids. The significance of these and 
other observations is discussed. 
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Aeration 
phase system. 


involve a_ two- 
The rate of gas trans- 
fer in this system depends on the gas- 
liquid interface—its total area and 
its chemical, physical, and mechanical 
character. With small concentrations 
active agents in solution, 
their presence at the interface mark- 
edly reduces the rate of gas transfer. 
The rate is reduced with increasing 
concentration up to a certain eritical 
concentration, above which the rate is 
unaffected. In aeration bubbling proe- 
esses, at high concentrations of eer- 
tain surface compounds, the 
total interfacial area may be increased, 
resulting in of the 
rate of gas transfer. 


processes 


of surface 


active 


recovery over-all 

This study endeavors to analyze the- 
oretically and experimentally the vari- 
ous factors involved in the effect of 
surface active agents on the rate of 
oxygen transfer in aeration processes. 
A more complete exposition of this 
study can be found in a report pre- 
pared at the University of North Caro- 
lina (1). 

Previous Results 

The effect of synthetic surface active 
agents on aeration efficiency in sewage 
and industrial waste treatment proc- 
esses has been widely reported. 
yer (2) and Lynch and Sawyer (3) 
state that surface active agents lower 
the rate of gas transfer in aeration 
Eckenfelder (4), in studies 
on the rate of oxygen absorption in 
various industrial wastes, mentions the 
effect of soap solutions on lowering the 
aeration rate. TIppen et al. (5), Ippen 


Saw- 


processes. 


and Carver (6), and Carver (7) state 


EFFECTS OF SURFACE ACTIVE AGENTS ON 
BUBBLE AERATION 


By K. H. Mancy anp D. A. Okun 


Graduate Research Assistant and Professor of Sanitary Engineering, Department of Sanitary 
Engineering, School of Public Health, University of North Carolina, Chapel Hill, N. C. 


that in aeration bubbling processes a 
surface active agent lowers the rate of 
oxygen absorption; however, in some 
instances, despite this lowering effect, 
the rate of absorption of oxygen was 
found to be greater in solutions con- 
taining surface active agents because 
of the increase of the surface area af- 
forded by the smaller bubbles. Down- 
ing et al. (8) (9) observed that the re- 
duced rate of oxygen absorption caused 
by anionic household detergents de- 
pended on the detergent concentration, 
the method of aeration, and the quan- 
tity of suspended solids present in the 
activated sludge process. It was also 
reported by the Water Pollution Re- 
search Board (10) and Gaden and 
Hixon (11) that surface active agents, 
at one specific concentration, lowered 
the rate of oxygen absorption in the 
reaeration of flowing water. The phys- 
icochemical properties of the gas-liquid 
interface as the governing factor on 
the rate of gas transfer have not been 
elucidated. Recently, Gaden (12), in 
aeration studies on biological systems, 
showed that there is a tendeney for 
recovery of the oxygen transfer coef- 
ficient on increasing the surface active 
agent concentration after an initial 
decrease. 

In summary, many investigators have 
found that the effect of surface active 
agents is to lower the rate of gas trans- 
fer in aeration processes. Except for 
Gaden (12), however, none of the in- 
vestigators studied this effect at sur- 
face active agent concentrations high 
enough to inerease the over-all oxygen 
transfer. Other studies (13) (14) (15) 


or 
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(16) (17) in the field of surface chem- 
istry and biology discuss the effect of 
surface adsorption at the gas-liquid 
interface on the rate of gas transfer. 


Basic Theoretical Considerations 


Effect of Surface Active Agents on the 
Physicochemical Properties of the 
Gas-Liquid Interface 
The gas-liquid interface is charac- 

terized by the fact that the concentra- 

tion of any dissolved component is 
much greater at the interface than in 

either adjacent (13) (14) (15) 

(16) (17). In the two-phase system 

(air-water), the molecules of a soluble 

component exhibit a higher concentra- 

tion at the interface than in 
water or air. Such molecules 
through the surface of water and they 
thicken the interfacial region, thus 
reducing the interfacial tension. 

Generally, the physicochemical char- 
acter of the interfacial adsorbed film 
of surface active agent in air-water 
systems depends on: 


phase 


either 


pass 


1. Types of surface active 
used. 
2. Number of 


adsorbed molecule. 


agent 


carbon atoms in the 
3. Molecular configuration. 


4, The mode of 


orientation. 


adsorption and 


5. The compressibility and spread- 
ing of the adsorbed film. 
6. The 


presence or absence of hy- 
drogen bonding either in the adsorbed 
film itself or between the polar groups 


in the film and molecules of water. 


films 


groups: 


Surface-adsorbed 
classified 


are usually 


into three PASeOUS, 
liquid-expanded, and condensed films. 
Soluble active form 
monomolecular surface adsorbed films 


of the gaseous type. 


surtace agents 


Surface Adsorption and the Critical 


Micelle Concentration (CMC 


Upon considering the thermodynamic 
properties of a solution of a surface 
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active agent, one of the most striking 
colligative properties of the solution is 
This 
is the concentration at which the solu- 
tion forms colloidal aggregates by the 
These 
reversible thermo- 
equilibrium with the sur- 
environment. Below this 
the properties of the 
solution are similar to those of ordinary 
electrolytes, but above this concentra- 
tion, the solution behaves differently in 
that changes in the properties of the 
solution are much less marked with a 
change in concentration. Surface ten- 
sion, conductivity, freezing point, vis- 
cosity, density, transference number, 
and refractive index have cited 
as examples of properties that show 
abrupt changes in slope at the critical 
micelle concentration. Presumably, 
this change in slope must occur over 
a concentration interval, but this in- 
terval is fairly narrow. For practical 
purposes, it is legitimate to speak of 
a eritical micelle concentration rather 
than a eritical micelle region (13) (18) 
(19). 


the critical micelle concentration. 


association of molecules or ions. 
aggregates are in 
dynamic 
rounding 
concentration 


been 


Basic Equation to Calculate the Gas 
Transfer Coefficient 


The general equation for gas trans- 
fer, as developed from Fick’s first law, 
ean be written as follows: 


dc, K A’ 
dt F 
K,a(S — C,) 
where 
oe concentration of the gas at 
time ¢, mg/I; 


saturation concentration with 
respect to the gas, mg/I; 


coefficient, 


and 


the absolute gas transfer co- 
efficient, em/min. 


the gas transfer 


min 


= 
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The integrated equation between ¢; and 
ts becomes 


log (S — C,,) — log (S — C,,) 


A 
Ky, (;) (te ti). . (2) 


This can be represented as a straight 
line with the slope representing the 
rate of gas transfer 


A A log (S—C, 
= Kya log (S- & t) 


Al (3) 


Experimental 
The apparatus used in measuring 
the rate of oxygen transfer is shown in 
Figure 1 and is described below. The 


2 
Liters 


SURFACTANT EFFECTS 
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development of the continuous record- 
ing system is described elsewhere (20). 


Aeration Column 


The aeration column is a glass eyl- 
inder with a capacity of 1.5 1. The 
cylinder stopper at the bottom has 
openings for the oxygenation capil- 
lary, for a nitrogen diffuser used to 
sweep oxygen from the solution, and 
a third opening serves as an outlet 
for the water in the column. The 
inlet is near the top of the column. 
A continuous sample is withdrawn by 
a centrifugal pump from the bottom 
outlet and is circulated at a constant 
rate through the polarographic cell 
and back to the aeration chamber 
through the upper inlet. 


Mercury 
Reservoir 


3-woy stopcock 


to 


Flow 
Meter 


Oxygen 


\ 
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Bridge 


FIGURE 1.—Apparatus for studying rate of oxygen transfer. 
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FIGURE 2.—Automatic recording of oxygen absorption. 


Ele ctrode 


System 


A specially designed dropping mer- 
cury polarographic cell is connected to 
a saturated calomel electrode (anode) 
by salt bridge 
through a side connection and a small 
fritted which 
a support. The mereury capillary was 
under a pressure of 58 em of mereury, 


means of an 


agar 


glass dise, also acts as 


providing a drop time of 2.8 see and a 
rate of mercury flow of 1.8 mg/see. 

The dropping mereury cathode and 
the saturated calomel electrode were 
connected to a Sargent Manual Polar- 
ograph III. The applied voltage was 
set to impress across such a cell an 
emf value corresponding to the de- 
composition voltage of the second wave 
of oxygen. The the 
oxygen wave was dictated by the need 
to avoid the addition of a maximum 
suppressor which is required when the 
first wave is used and by the fact that 
anionic surface active agents interfere 
with the electrode kinetics at the first 
oxygen reduction wave (20 


use of second 


Amplifier and Recording Unit 


The from the 
cell was passed through a specifie re- 


minute d-e current 


sistance. The minute d-¢ voltage across 
this 
continuously 


resistance into a 
Elee- 
The record was on a 
Number 5430N with a 
calibrated seale in terms of my. The 
chart was driven at a reeulated speed. 
This 
detect 
rate of 
solution 


Was introdueed 


balaneed Brown 
tronik recorder. 


Brown chart 


system makes it possible to 
the 
test 
change of the 
original result of sam- 
pling. Figure 2 shows recorded aera- 
tion curves with both continuous and 
intermittent recording. 

To eliminate the errors due to gas 
transfer at the surface of the column, 


and record continuously 


oxygen transfer in the 


Without any 


volume as a 


the tests were run using oxygen gas, 
with the solution at DO 
concentrations slightly below satura- 
tion with respect to air and ending at 
concentrations — slightly The 
then determined from the 
semilogarithmic plots at the DO sat- 
uration value. 


beginning 


above. 


rates were 


Mate rial Used 


The agent used in 
this study was Aerosol O.T., a product 
of the American Cyanamid Company. 


surface active 
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Its chemical and physical properties 
are summarized as follows: 


1. Chemical name: sodium dioctyl 
sulfosuccinate 
2. Structure: CHeCOOCsH 


CHCOOCSHi; 


3. Gram molecular weight: 444 
4. Ionic nature: anionic 
5. Number of carbon atoms in the 
non-polar group: 
6. Solubility in water at 30°C: 24 g/l 


The behavior of Aerosol O.T. with 
regard to aeration has been shown to 
be similar to that of alkyl benzene sul- 
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fonate (ABS) which is the base of 
most household detergents (1). 


Methods of Making Observations 


1. Photographs of the bubbles at 
different levels in the column were used 
to study the mechanism of bubble 
formation, bubble volume, and bubble 
dynamies at various rates of oxygen 
flow and at varying concentrations of 
the surface active agent. 

2. Surface tension measurements of 
the surface active agent solution were 
made by means of a Ceneo-DuNouy 
Tensiometer. 

3. The critical micelle concentration 
of the Aerosol O.T. solution was deter- 
mined by the surface tension of the 


TABLE I.—Effects of Increasing Concentrations of Surface Active Agents on 


Cone 
Aerosol O.T 
(mg/l) 


No. of 
Bubbles 
in Col. 


Avg. Dist. 
| between Bubbles | 
(em) 


2. 


0 
10 
20 
40 
80 
160 
320 
640 


1-1-1 


Cone. Bubble 
Aerosol O.T. Volume 
(mg/l) | (ee XK 108) 


Bubble 
Diam 


(em? X 10!) 


Bubble 


Area | 
(em? 10!) | 


0 
10 
20 
410 
80 
160 36 2: | 

320 At 

640 | | 


Bubble Aeration* 


Time of Bubble 
Formation 
(sec) 


Rate of 


Bubbling 
(bubbles/min) | 


Vel. of 
Bubble Rise 
(cm/sec) 

6. 


0.376 
0.356 
0.355 
0.352 
0.352 
0.242 
0.200 
0.147 


22.70 
21.75 


Tension 


Kia Ku 
| (em min™) (erg em~*) 


12. | 13. 
1.87 
0.643 
0.74 
0.76 
0.76 
0.61 
0.76 
0.77 


0.73 
0.81 


1.97 | 


0.86 | 
| 0.89 | 
| 
1.29 | 

1.47 
| 


* Gas flow rate maintained constant at 1.2 ee/min; Volume of liquid, 1.51. Col. 2 and 3: Values 


obtained from photographs. 


Col. 4: Experimental observations. 


Col. 5: Caleulated by ob- 


taining the statistical mean of the time in seconds between the detachment of two successive 


bubbles from the capillary. 


1.2 X Col. 6 


Col. 3 


Col. 8: Col. 9: ol. 8 


Col. 12: From experimental data plotted in Figure 3. 


Col. 6: Experimental observation. 


- ) . Col. 10:2” X (Col. 9)%. Col. 11: Col. 10 & Col. 3. 


1.5 


Yol. 13: Col. 12 
Col. 13: Col. 1 x Gor T 


= 
| 8. 4. | 
6.5 141 
7 149.1 21.70 
a | | 7.5 149.3 21.23 
8 160.6 19.75 
| 15 | 226.2 19.45 
22.5 - 16.67 
| | 
| 
(em*) 
7. 8. | 9. | 10. | | 
1.59 71 
: 1.71 50.5 
1.62 45.6 
1.68 42.0 
1.78 38.2 
2.31 35 
2.54 31 
2.83 27 
| 
| 


solution. 
surface tension with increasing con- 


The rate of the decrease in 


centrations of the surface active agent 
in solution shows an abrupt change 
which generally coincides with the 
CMC. The semilog plot of surface 
tension versus surface active agent 
concentration shows a sharp change in 
the slope at a concentration correspond- 
ing to the CMC (19). 


Experimental Conditions 


Because of the great number of 
factors that can affect the rate of 
oxygen transfer by bubble aeration, 
the following conditions were main- 
tained constant during each test: 


1. Hydrostatic head on the gas eapil- 

lary, 
2. Gas flow rate, and 

3. Temperature—25°C + 0.5°C, 


Experimental Results 


Effect of Surface Active Agents on the 
Rate of Gas Transfer 


Data were collected at several ox- 
ygen flow rates. For purposes of illus- 
tration and analysis, the data collected 
at a rate of 1.2 e¢/min are shown in 
Table I. The effect of varying con- 
centrations of Aerosol O.T. on the over- 
all oxygen transfer coefficient K,a in 
bubbling aeration is shown in Figure 
3. The values of the over-all transfer 
coefficient values were calculated in 
accordance with Equation 3. On in- 
creasing concentration of the surface 
active agent, the coefficient A,a drops 
to a minimum corresponding to a con- 
centration of about 20 mg/l of Aerosol 
O.T. On further increase of the sur- 
face active agent concentration, there 
is a gradual recovery of K,a which is 
very slow at the beginning. The ex- 
tent of the recovery depends on the 
oxygen flow rate; the higher the gas 
flow rate, the lower the recovery. 

In the presence of 20 ml of paraffin 
oil at the top of the aeration column, 
the A,a drops to a lower minimum 
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10) | OXYGEN FLOW RATE 
25 cc/min 
FRITTED GLASS DIFFUSER 


TEMP = 25°C 05°C 


4 
v 


19) 
° OXYGEN FLOW RATE 
A 82 cc/min | 
20 mi of Porattin Oil | 
© 82 cc/min - 
FLEXIBLE PLASTIC CAPILLARY 
10 TEMP = 25°C O5°C 


§ OXYGEN FLOW RATE 
@ | 2cc/mn | 
FLEXIBLE PLASTIC CAPILLARY 
TEMP = 25°C 05°C 


OXYGEN TRANSFER COEFFICIENT K.,*-K, ( 


100 200 
AEROSOL OT. CONCENTRATIONS mg /! 


FIGURE 3.—Oxygen transfer coefficient 
at varying Aerosol O.T. concentrations. 


K:a values shown are actual values times 
10°. 


value after which there is no apparent 
recovery on further addition of the 
surface active agent. The initial re- 
duction of the gas transfer coefficient 
was found to be 62 per cent in absence 
of paraffin oil and 75 per cent in pres- 
ence of paraffin oil for the same ox- 
ygen flow rate. 

When oxygen was bubbled through 
a fritted glass diffuser, the over-all 
oxygen transfer coefficient increased as 
the concentration of the surface active 
agent increased (Figure 3). 


] 
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FIGURE 4.—Absolute oxygen transfer 
coefficient. K;, values shown are actual 
values times 10. 
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Figure 4 shows the absolute oxygen 
transfer coefficient, K,, at varying 
Aerosol O.T. concentrations, calculated 
in accordance with Equation 3. This 
reaches a minimum in the range of 
from 20 to 40 mg/l, and thereafter it is 
relatively constant. 


The Effect of Surface Active Agents 
on Bubble Formation and Bubble 
Dynamics 


1. Bubble Formation.—The effect of 
Aerosol O.T. on the time of bubble 
formation is shown in Figure 5. On 
increasing the surface active agent 
concentration, the time of bubble for- 
mation decreases by 60 per cent in the 
concentration range of from 0 to 640 
mg/l. 

2. Bubble Volume.—With a constant 
rate of gas flow, the time of bubble 
formation is directly related to the 
bubble volume. The bubble volume, 
therefore, decreases on increasing the 
surface active agent concentration as 
shown in Figure 6. A 64-per cent de- 
crease in the bubble volume was ob- 


to) 


TIME OF BUBBLE FORMATION SEC 


° 

| 

| 

| 

| 


| 
| 


° 100 200 300 400 500 600 700 
AEROSOL OT CONCENTRATIONS mg /i 

FIGURE 5.—Time of bubble formation 


at varying concentrations of Aerosol O.T. 
Time shown is actual time times 10. 
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BUBBLE VOLUME cucm 


100 200 300 400 500 600 700 
AEROSOL OT. CONCENTRATIONS mg /i 


FIGURE 6.—Bubble volumes at varying 
Aerosol O.T. concentrations and an oxygen 
flow rate of 1.2 cc/min. Volume shown is 
actual volume times 10°. 


served in the concentration range of 
from 0 to 640 mg/l of Aerosol O.T. 

3. Bubble Dynamics.—The effect of 
Aerosol O.T., and, therefore, bubble 
size, on the velocity of bubble ascent is 
shown in Figure 7. As the bubble 
volume increases, the velocity of bubble 
ascent also increases. 

Photographie studies, as illustrated 
in Figure 8, confirm that an increase 
in the surface active agent concentra- 


| | | 


VELOCITY OF BUBBLE RISE cm /sec 


| 
i q 6 7 8 


2 3 
BUBBLE VOLUME ce 

FIGURE 7.—Velocity of bubble as a 
function of bubble size. Volume shown is 
actual volume times 10”. 
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FIGURE 8.—Bubble formation and dynamics at varying Aerosol O.T. concentrations and 


tion causes a higher rate of bubbling. 
The bubble on being detached from the 
surface of the capillary passes through 
various shapes. First it acquires a 
strawberry shape, then flattens into an 
elliptical shape with the long axis 
parallel to the liquid surface. This 
passes to another ellipsoid which is less 
flattened and the previous process is 
repeated. Actually, the bubble changes 
in shape until an equilibrium is at- 
tained after which the bubble travels 
at a steady state with a rather fixed 
shape. The photographs show that on 
the addition of Aerosol O.T. at econ- 
stant gas flow, much smaller bubbles 
are produced at higher rates, the effect 
depending on the amount of surface 
active agent added. These bubbles are 
detached from the surface of the eapil- 
lary with a lower velocity, and they 
travel at relatively low velocity. The 
bubble is relatively rigid and does not 
change much in shape during its ascent. 
At higher concentrations of the surface 
active agent, this effect is more prom- 
inent. 


an oxygen flow rate of 82 cc/min. 


4. Total Exposed Surface Area.— 
Photographie studies show that the 


total exposed surface area increases 
OXYGEN FLOW RATE = 1.2 cc/min. 
| 
} TEMP = 25°C t 
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FIGURE 9.—Total exposed surface area 
of bubble. 
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FIGURE 10.—Air-water interfacial tension 
at varying Aerosol O.T. concentrations. 


with increasing Aerosol O.T. coneen- 
trations. Calculated values of the total 
exposed surface area are shown in 
Figure 9. 


The Physicochemical Character of 
Aerosol O.T. in Solution 


1. The Interfacial Tension at the 
Gas-Liquid Interface—In a 0.01 M 
KCl solution, the presence of 40 mg/I 
of Aerosol O.T. resulted in a 41-per 
cent decrease in the surface tension at 
the gas-liquid interface as shown in 
Figure 10. On further addition of 
surface active agent, the interfacial 
tension decreased slowly and assumed 
a rather constant value at higher con- 
centrations of the surface active agent. 
It is interesting to note the similarity 
between the effect of the surface active 
agent on the gas-liquid interfacial ten- 
sion and the same effect on oxygen 
transfer coefficient, bubble formation, 
and bubble dynamics. 

2. CMC Determinations.—In deter- 
mining the CMC for Aerosol O.T. in 
0.01 M KC! solution, the surface-ten- 
sion method, possibly the most aceu- 
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rate, indicated a CMC value of 20 
mg/l, which coincides with values re- 
ported in the literature (21). 


Discussion of Effect of Surface Active 
Agents on Lowering the Rate of 
Gas Transfer 


Mass transfer across the gas-liquid 
interface depends to a great extent on 
the physicochemical and mechanical 
properties of the phase boundary. In 
this two-phase system the following 
conditions are shown to occur: 


1. In an air-water system, the sharp 
transition from one phase to another 
requires that the gas molecules have 
kinetic energy to cross this boundary 
at ordinary temperature; the amount 
of energy depends primarily on the 
liquid film thickness. 

2. Virtually all mass transfer re- 
sistance is offered by the liquid surface 
film. 

3. On adding a surface active agent, 
a higher concentration of this solute 
is produced at the interface, in the 
form of monomolecular layer of ad- 
sorbed surface active molecules. 

4. The molecules in the adsorbed 
film aequire a certain orientation, de- 
pending on their structural pattern. 

5. This film adds more material re- 
sistance to gas permeability, and in an 
aeration process the gas molecule will 
lose more of its kinetic energy in cross- 
ing the interface (16) (17). 


Between the liquid and gas phases 
there exists a definite quantity of free 
energy associated with each unit of the 
interfacial area. This amount of sur- 
face energy is dependent on the ad- 
sorbed surface active film. On increas- 
ing the concentration of the surface 
active agent in solution, the lateral 
compression acquired by the newly 
arrived molecules to the surface ad- 
sorbed film reduces the apparent free 
energy prevalent at the interface. The 
foree of compressibility in the ad- 
sorbed film inereases, and the number 
of molecules per unit area of the inter- 
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also increases. The area per 
molecule decreases as a linear function 
of compression until a certain value is 
reached at which the area per molecule 
stays more or less constant along with 
the surface tension. This was found to 
correspond with the CMC of the sur- 
face active agent solution (13-19). 
The constant value of the surface 
energy at concentrations above the 
CMC signifies a saturated film of uni- 
form thickness. Actually, surface sat- 
uration at and above the CMC is 
dependent on many factors: 


1. The rate of diffusion of the sur- 
face active agent molecules to the 
surface. 

2. The rate of adsorption of the 

surface active agent molecules at the 
interface. 
3. Agitation, stirring, and convee- 
tion current effects usually lead to 
lower CMC values and by virtue of the 
mechanical transport, more surface 
active agent molecules reach the inter- 
face. 

4. Presence of organic or inorganic 
salt impurities. 


On examining the curve showing the 
rate of gas transfer at varying con- 
centrations of Aerosol O.T. (Figure 3), 
the gas permeability of the interfacial 
adsorbed film decreases rapidly with 
increasing surface active agent con- 
centration. It ceases to decrease at and 
above the CMC. In this region, the 
gaseous adsorbed film is most compact 
and has the highest foree of compres- 
sion, the lowest area per molecule, and 
the maximum thickness. The resist- 
ance attributable to the film thickness 
lowers the absolute oxygen transfer 
coefficient, A, (Figure 4), by an 
amount depending on the mechanical 
properties of the surface film. 

Working with a cationie surface 
active agent (15), a regular decrease 
of Henry’s law constant was reported 
to be linear with the logarithm of the 
surface active agent concentration. Ex- 
trapolating the experimental straight 
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line to the concentration of the surface 
active agent corresponding to the 
lowest value of Hlenry’s law constant 
resulted in a minimum concentration 
corresponding to the CMC, Aeceord- 
ingly, maximum resistance to gas trans- 
fer due to surface active agent adsorp- 
tion at the interface should oceur at 
the CMC. Recent work (18) shows 
that not only surface adsorption of a 
surface active agent occurs as a mono- 
molecular layer at low concentration, 
but also at higher concentrations the 
tracer method revealed for the first 
time the existence of multilayer ad- 
sorption under the interface, equiv- 
alent to 30 molecular layers in some 
cases. This signifies that at high con- 
centrations the interface consists of an 
adsorbed charged monolayer which at- 
tracts an ionic atmosphere. Thus it 
appears that in an aeration system 
most of the resistance to diffusion of 
a gas molecule across the interface 
is offered by the monomolecular ad- 
sorbed film of the surface active mate- 
rial formed at low concentrations. At 
higher concentrations the adsorbed 
multilayers of micellar character offer 
only small contribution to the resist- 
ance of mass transfer across the inter- 
face. Accordingly, with increasing 
Aerosol O.T. concentrations, after an 
initial rapid decrease, the Ky, value 
becomes more or less constant in the 
region of the CMC. 


Discussion of Effect of Surface Active 
Agents on Increasing the Rate 
of Gas Transfer 


In a bubbling process, bubble forma- 
tion, volume, and dynamies depend on 
the following factors (23-28) : 


1. Bubble formation depends on the 
method and the device used for bub- 
bling, time of bubble formation, mate- 
rial and texture of the surface of the 
aperture, shape of the aperture, ar- 
rangement of apertures, position of 
apertures, and the physicochemical 
conditions of the liquid phase. 


; 
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2. Bubble shape and size depend on 
the mode of formation, height of the 
water column, rate of gas flow, the 
physicochemical conditions of the liq- 
uid phase, i.e., surface tension and to 
a lesser extent viscosity, specifie grav- 
ity, and the presence of impurities. 

3. Bubble dynamics are governed by 
all the previously listed factors. Rigid 
spherical bubbles and circulating sphe- 
roidal bubbles are two extremes of 
bubble conditions which are governed 
by bubble formation, bubble shape, 


size, age, and the physicochemical prop- 
erties of the liquid phase. 


Within the life span of a bubble, 
there are three different phases with 
three different rates of oxygen transfer. 
The first phase is the ‘‘bubble forma- 
tion,’’ during which time it is reported 
(6) (7) that there is a high rate of gas 
transfer due to the continual expan- 
sion of the fresh liquid gas interface, 
thus forming a steep oxygen concentra- 
tion gradient across the bubble wall. 
The second phase is the ‘‘bubble as- 
eent.’’ During the bubble’s journey 
to the surface, the rate of transfer 
acquires lower stable values until the 
bubble bursts at the surface. The third 
phase is the end of the bubble life, 
when it reaches the surface and bursts, 
releasing its gas content to the atmos- 
phere. The disturbance of the free 
water surface may be responsible for 
some gas exchange with the atmos- 
phere. It is believed (7) that the first 
stage of the life of a bubble in the 
column is characterized by higher 
transfer rates than in the intermediate 
steady phase where the transfer rate 
remains essentially constant irrespee- 
tive of column height. 


Bubble Formation 


In the process of bubble formation 
there are two major factors: 


1. Hydrostatic pressure, H, which is 
dependent on the height and density 
of the solution in the column above the 
tip of the capillary. 
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2. The back pressure, p, due to sur- 
face tension, which is a function of the 
radius of the bubble and the surface 
tension at the gas-liquid interface. 
This has been evaluated as p = 2e/r, 
where o = surface tension in dynes per 
em and r = radius of the bubble in em. 


Bubbling begins when the total gas 
pressure, P?, exceeds the sum of H and 
p. Thus, at constant hydrostatic head 
and on applying a constant gas pres- 
sure, P, enough to start a steady state 
of bubbling, the size of the bubble 
formed will decrease with decreasing 
values of liquid surface tension. Con- 
comitant with this, at constant gas 
flow, is a decrease in the time of bubble 
formation. Pure water has the highest 
surface tension, the time for bubble 
formation is highest, and the biggest 
bubbles are formed (Figure 5). But 
as the concentration of the surface 
active agent increases from zero, the 
interfacial tension at the gas-licuid 
interface drops rapidly and smaller 
bubbles are formed at higher rates. 
The partial pressure inside these bub- 
bles depends on: the mechanical and 
physical properties of the bubble wall, 
the hydrostatic head on the bubble 
which decreases as the bubble rises in 
the aeration column, and the change of 
the gas content inside the bubble dur- 
ing its ascent to the surface. 

The effect of surface active agents 
on the process of bubble formation may 
be explained by considering surface 
viscosity of the gas-liquid interface. 
In pure water, having the highest sur- 
face tension and the lowest surface 
viscosity, the interface is highly elastic. 
This elastic interface above the tip of 
the capillary will not yield easily to the 
gas pressure, thus large bubbles are 
formed, the size depending to a great 
extent on the interface yield value. 
On the addition of surface active agent, 
adsorption at the interface rapidly 
lowers the surface tension values. This 
is accompanied by a proportional in- 
crease of the surface viscosity and 
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lower yield values of the interfacial 
adsorbed film. In this ease, the force 
exerted by the gas on the interface 
above the tip of the capillary will cause 
shearing of the film. As a result, gas 
will break through forming small bub- 
bles the size of which depends greatly 
on the degree of shearing. The photo- 
graphie studies on the mechanism of 
bubble formation confirm rea- 


soning. 


Bubble Dynamics 


Once the bubble is detached from the 
surface of the capillary it passes 
through various stages of circulation 
(Figure 8) until it acquires a definite 
shape and a steady state of ascent. 
At higher Aerosol O.T. concentrations, 
the bubbles lose their flexibility and 
travel as if they are small rigid spheres. 
These bubbles cannot withstand the 
hydrodynamie effect of the circulating 
solution. Strains in the bubble wall 
cause it to shear and bubble splitting 
takes place. With increasing concen- 
trations, more molecular packing takes 
place at the interfacial adsorbed layer 
on the bubble wall. This, plus the 
effect of surface orientation, produces 
increasing coherence in the adsorbed 
monolayer. The higher the concentra- 
tion, the lower the rate of mass trans- 
fer across the adsorbed film and the 
more compact will be the interfacial 
film. The Newtonian character may 
still be maintained, however, and the 
bubble wall might acquire a_ plastic 
character with a true yield value. 
During this, the surface adsorbed film 
might pass through a process of phase 
transfer approaching the character of 
a rigid film. Accordingly, the bubble 
wall passes from an elastic contractile, 
to plastic, and upon increasing the 
concentration, it approaches a_ rigid 
character, the extent of which depends 
on the degree of shear (29). The 
mathematical treatment explaining the 
phase transfer in surface film mono- 
layers is discussed by Temperley (30). 
The stability of the bubble in its 


ascent in a column depends on the 
elasticity of the bubble wall to meet 
mechanical shocks. In the absence of 
surface active agents or at very low 
concentrations, the bubble will act as 
a highly flexible elastic membrane that 
can respond to mechanical shocks and 
maintain slight differences in tension 
throughout its surface representing a 
differential in stress. At high coneen- 
trations of surface active agents, the 
bubble wall is rather rigid and fragile 
and the adsorbed surface film may have 
the character of a solid film. Within 
the surface film, the higher viscosity 
will lead to internal shear that will 
oppose differences in tension in its 
different parts. Such a bubble wall 
cannot stand mechanical shocks, and 
excessive shearing eaused by varying 
stress leads to bubble splitting. Figure 
8 shows that at 80 mg/l of Aerosol O.T. 
the splitting of the bubbles takes place 
soon after they are detached. 

The addition of 20 ml of paraffin oil 
in the aeration column apparently gave 
more stability to the Aerosol O.T. ad- 
sorbed film at the gas-liquid interface. 
Actually, the presence of the paraffin 
oil interfered with the phenomenon of 
phase transfer in the bubble wall. In 
the meantime it acted as a condensing 
agent for the Aerosol O.T. adsorbed 
film. Such film gave the highest re- 
sistance to gas transfer, 75-per cent 
reduction of the over-all oxygen trans- 
fer coefficient as shown in Figure 3. 
It is also important to note that in 
presence of paraffin oil impurities, 
there was no recovery for the Ky,a 
value, it remained at a more or less 
constant value, yielding a curve similar 
to that for A,, which measures transfer 
per unit of surface area. 


Conclusions 


Aeration as considered in this study 
is a surface phenomenon. The gas- 
liquid interface is the dominating fac- 
tor in the rate of mass transfer. Im- 
purities, particularly if surface active 
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in nature, lower the rate of mass trans- 
fer in this two-phase system. Thus, 
surface active agents usually exert 
great influence on the rate of transfer. 
The surface active agent chosen for 
this study, Aerosol O.T., is anionie in 
nature, with well-established structural 
formula and physicochemical char- 
acteristics, and similar to ABS in its 
effects. 

The effect of the surface active agent 
at the interface in this particular sys- 
tem is summarized as follows: 


1. On the addition of small amounts 
of the Aerosol O.T., the rate of oxygen 
transfer was reduced to a minimum 
value. The concentration at which this 
minimum occurred corresponded to the 
critical micelle concentration (CMC) 
of the Aerosol O.T. in solution. Fur- 
ther addition of the surface active 
agent did not affect the rate of gas 
transfer per unit area of interface, K,. 

2. Inerease of the Aerosol O.T. con- 
centration beyond the CMC tends to 
create more exposed interfacial area. 
This is accompanied by a gradual in- 
crease in the over-all rate of trans- 
fer Kya. 


The rate of K,a recovery is influ- 
enced by the total exposed surface area 
and surface impurities. With inecreas- 
ing surface active agent concentration, 
there is a gradual inerease in the total 
exposed surface area. This is caused 
primarily by the formation of smaller 
bubbles for the same rate of oxygen 
flow as well as bubble splitting during 
the ascent in the aeration column. 

Bubble formation and bubble volume 
depend on the gas-liquid interfacial 
conditions. Reducing the surface ten- 
sion causes smaller bubbles to form and 
increasing the surface viscosity causes 
bubble splitting. Surface active sub- 
stances affect the surface tension and 
surface viscosity which in turn affect 
the interface characteristics. The ad- 
dition of 20 ml of paraffin oil in the 
aeration column prevented almost com- 
pletely the recovery of the K,a value. 
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With a diffuser instead of a single 
capillary, there is a gradual increase 
of K,a with inereasing concentration 
of the surface active agent. Despite 
the reduction in the absolute transfer 
coefficient, A,, the over-all oxygen 
transfer coefficient K,;a was found to 
be greater than that for clear water 
and it increased with increasing Aero- 
sol O.T. concentrations. This is caused 
by the great increase in the exposed 
surface area afforded by the very 
small bubbles from the diffuser, which 
minimizes the effect of the interfacial 
adsorbed surface active film. 
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Industrial Wastes 


Lagooning affords an economical 
method of waste treatment where large 
land areas are available, and it is par- 
ticularly appropriate for seasonally 
operated plants. Principal objections 
to lagooning are odors in the surround- 
ing area and the large capacity require- 
ments dictated by the comparatively 
low rate of oxidation under anaerobic 
conditions. These objections may be 
overcome by the installation of diffused 
or mechanical aeration systems in the 
lagoon. It is the purpose of this paper 
to discuss the application of the prin- 
ciples of aeration and oxidation to the 
design of lagoons. 

Lagoons are employed in the treat- 
ment of both domestic and industrial 
wastes. Typical installations and op- 
erating results on domestic sewage have 
been studied and described (1) in 
which emphasis has been placed on 
shallow depths utilizing algae as an 
oxygen source. Application of lagoon- 
ing to cannery wastes has been exten- 
sive, frequently employing sodium ni- 
trate as a source of oxygen. In the 
treatment of paper mill wastes, oxygen 
is introduced by means of recirculation 
of the lagoon contents by pumping (2). 
Introduction of oxygen by bubble aera- 
tion, which resulted in a high rate of 
circulation of reservoir contents, has 
been described (3). This concept has 
been used in the lagoon treatment of 
paper mill wastes (4). 

* Presented at the Spring Meeting of the 
New York Sewage and Industrial Wastes 
Assn.; Liberty, N. Y.; May 26-27, 1958. 
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Theory 


The oxidation of organic matter 
under aerobic conditions in lagoons is 
analogous to the natural purification 
process occurring in rivers. Aerobic 
conditions are maintained provided the 
rate of oxidation does not exceed the 
rate of reaeration. When the concen- 
tration of organic matter is of such a 
magnitude that the oxidation rate ex- 
ceeds the reaeration rate, anaerobic 
conditions may result. To maintain 
an aerobic environment in lagoons, it 
is usually necessary to supply additional 
oxygen by artificial means. 

Under limiting conditions, the rate of 
biological oxidation of waste matter can 
be expressed by a first-order reaction 
as follows: 


This equation states that the rate of 
oxidation is proportional to the con- 
centration of organic matter present 
at any time. The coefficient k is a 
measure of this rate and is a function 
of temperature. The constant k is 
expressed to the base e; however, 
values are commonly reported to the 
base 10 and the coefficient identified 
as K. Some doubt about the funda- 
mental validity of this equation has 
been expressed by numerous investiga- 
tors, but it remains a convenient and 
quantitative measure of biological oxi- 
dation. 

In considering the rates of various 


dL 
dt (1) 
| 
4 
Zz 


TABLE I. 


System Solids 
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Oxygen Range 
Concentration 


lurbulence 


Unaerated lagoon | Low None |} None 0.02-0.10 
BOD bottle Low | None | High 0.10-0.30 
Natural rivers Low to intermediate Intermediate to high | Intermediate | 0.10—1.00 


biological oxidative systems, other fac- 
tors must be taken into account, such 


as the concentration of active solids 
in suspension, intensity of fluid turbu- 
lence, and the level of dissolved oxygen. 
In Table I the effect of these factors on 
the coefficient AK is indicated. 

Since the solids and turbulence levels 
in an aerated lagoon are of the same 
order as those in natural streams, it 
may be anticipated that the magnitude 
of the removal coefficient would like- 
wise be of the same order. 

In a large aerated lagoon there is 
usually sufficient turbulence to create 
a condition of uniform concentration. 
It follows, therefore, that the concen- 
tration of BOD in the effluent is sub- 
stantially equal to the concentration of 
BOD in the lagoon itself. To evaluate 
basin efficiency under these conditions 
and the conditions imposed by Equa- 
tion 1, a material balance of the BOD 
may be developed as follows: 


BOD applied — BOD discharged 
BOD removed 


— 1.Q = (kl.)V. (2) 


in which 


l, = concentration of BOD in in- 
fluent, 

l, = concentration of BOD 
effluent, 

@ = rate of flow, and 

V = volume of lagoon. 


Equation 2 may also be expressed in 
the following manner: 


Activated sludge | High High Intermediate | 2.0 —10.0 


or in terms of per cent removal effi- 
ciency 


100 - 


+ kt (3) 


In cases where the rate of oxidation is 
independent of concentration and is 
linear with time, the removal efficiency 
may be expressed: 


100 
= Sa ( ) 
li 
in which 

k, = rate of BOD removal per unit 


time, and 
t = detention time. 


The rate of removal of BOD for any 
particular waste may be determined ex- 
perimentally in the laboratory under 
conditions simulating solids and turbu- 
lence levels which may be expected in 
a large-scale installation. Employing 
the reaction rates developed from lab- 
oratory data, the detention time and 
volume of the lagoon may be deter- 
mined for a given removal in accordance 
with either Equation 3 or 4. 

A general relation between the re- 
moval of organic matter (BOD) and 
oxygen utilization for any bio-oxidation 
process has been expressed as fol- 
lows (5): 

R, = aL, + 6S (5) 
in which 


R, = oxygen utilized, lb/day ; 

a = oxygen utilization factor based 
on fraction of organic matter 
oxidized in 5 days; 

L, = organic matter removed, Ib 
day (5-day basis) ; 

b = fraction of sludge solids oxi- 

dized, per day; and 

sludge sclids in suspension, Ib. 
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In an aerated lagoon, the sludge 
solids in suspension are negligible and 
the term bS, may be eliminated from 
Equation 5. Hence, 


The constant a may be evaluated 
from laboratory or field data. This 
constant is employed to determine the 
total oxygen requirement for any BOD 
removal level in the lagoon. 


Aeration 


In a lagoon, oxygen is transferred 
from the atmosphere to the liquid 
body through the surface. Additional 
oxygen, if required, may be transferred 
by mechanical or diffused aeration 
systems. The total quantity of oxygen 
transferred to the lagoon may be de- 
fined by the following expression: 


N=N,+Npb.. 


or 
N=K_,A(C,-—C)+ 


K 
in which 


N = total quantity of oxygen trans- 
ferred per unit time, 

N, = quantity of oxygen trans- 
ferred by surface aeration per 
unit time, 

Np = quantity of oxygen trans- 
ferred by mechanical or dif- 
fused aeration per unit time, 

C = average dissolved oxygen con- 
centration, 

K,, = liquid-film coefficient for sur- 
face aeration, 

A = surface area of lagoon, 

C’, = saturation value of oxygen at 
atmospheric pressure, 

K_’ = liquid-film coefficient for me- 
chanical or diffused aeration, 


A’ = total surface area of the 
bubbles, and 
C,’ = saturation value of oxygen 


for bubbles at the average 


depth of the lagoon. 
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Because there is no practicable way 
to determine the bubble interfacial 
area, Equation 7a is usually expressed : 


N=K,A(C,—€C)+ 
K,/aV 


where K,’a is the over-all liquid-film 
coefficient and Vy the volume of the 
lagoon. 

From the data currently available, 
the concentration in the liquid body, C, 
should be maintained above approxi- 
mately 1.0 mg/l. Below this level, 
the uptake rate has been found to be 
oxygen-concentration dependent. 

A theoretical development defining 
the liquid-film coefficient, has been 
presented (6) whereby: 


where D, is the diffusivity of oxygen 
and r the rate of surface removal. 

A theoretical approach has been de- 
veloped (7) which relates the rate of 
surface renewal to parameters of fluid 
turbulence. For the case of non- 
isotropic turbulence, these parameters 
may be expressed in terms of the ve- 
locity gradient at the surface. It is 
this condition which is representative 
of surface aeration in a lagoon. The 
liquid-film coefficient may be defined 
as follows: 


r 


in which —— is the velocity gradient at 


dy 
the surface. 

The velocity gradient is induced by 
the fluid motion in the surface layers 
of the lagoon. This motion may be 
generated by diffused- or mechanical- 
aeration equipment. Depending on 
the type and arrangement of the equip- 
ment, the supply of air could be a point 
or line source. In either case, the 


fluid motion and its associated turbu- 
lence characteristics decay exponen- 
tially with distance from the source. 
Figure 1 diagrammatically illustrates 
Typical vertical velocity 


these cases. 
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FIGURE 1. 


profiles are also shown in this figure. 
In employing Equation 10 for design 
purposes, a mean value of the velocity 
gradient used. The high- 
velocity are found only 
in the upper layers moving away from 
the source, while the lower layer con- 
tains the low-magnitude values in the 
reverse direction. It is pertinent to 
note that the surface directly 
above the air source is subject to violent 


must be 


streamlines 


area 


agitation and surface renewal is prop- 
erly characterized by isotropic turbu- 
lence, but the oxygen transferred in this 


Typical plan and profile of aerated lagoon. 


fashion is not accounted for in Equa- 
tion 10. This zone exists only in the 
immediate vicinity of the source, how- 
ever, and is not representative of the 
entire lagoon surface. 

From studies on the diffusion of sub- 
merged jets (8), it is reasonable 
assume that the velocity should decay 
in some exponential fashion with depth 
and distance. Under certain condi- 
tions, the film coefficient A, and the 
interfacial in this localized zone 
may be significantly higher than those 
some distance from the source. The 


to 


area 


x 
= 
: 
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decay of velocity with depth may be 
approximated by the relationship: 
U 

in which 

U’ = velocity at depth y, 

U. = velocity at the surface (y = 0), 
f = constant, and 

y = depth. 

To obtain the velocity gradient at 
the surface, Equation 11 is differen- 
tiated with respect to y as follows: 


and at the surface U = 
tion 12 becomes 


dU 
dy 


and Equa- 


= — fU,.. (13) 

Equation 13 may be employed to 
compute the velocity gradient at any 
distance, x, from the aeration source. 
To calculate the total surface aeration, 
an average value of the velocity gra- 
dient over the entire lagoon surface is 
required. To this end, an emperice 


relationship has been developed relat- 
ing the velocity gradient with distance 
from a line source: 


in which @¢ is a constant. 

An average value of the velocity 
gradient may be obtained by integrat- 
ing this function over the distance 
2. The distance x, is selected 
as one foot from the source because of 
the indeterminate nature of the velocity 
gradient above the source. The dis- 
tance zx» is one-half the spacing of the 
air headers. The average velocity 
gradient is therefore equal to: 


dU’ ‘al x ji 


. (15) 


1 
dy Yo — Xe l 


The average velocity gradient com- 
puted from Equation 15 is substituted 
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in Equation 10 to determine the aver- 
coefficient of surface reaeration. 
Measured velocity gradients have 
ranged from 0.1 to 4.0 per second. 
These are of the same order as those 
found in natural streams. 

Oxygen absorption by diffused aera- 
tion is related to the submergence depth 
of the diffusion device, the air-flow 
rate, and the characteristics of the 
waste being treated. A general rela- 
tionship for any diffusion device has 
been developed (9): 


age 


cG,"H™ 


= .. (16) 


where 


K,'a = the over-all oxygen transfer 
coefficient for the air diffu- 
sion device; 

V, = the lagoon volume per air- 
diffusion unit, cu ft; 
G, = air-flow per diffusion unit, 
cfm @ standard conditions; 
H = average depth of lagoon, ft; 
and 
c,m,n = constants characteristic of 
the aeration device. 


For most diffusion devices m will vary 

from 0.6 to 0.8 and n from 0.5 to 1.5. 
The over-all oxygen balance in the 

lagoon can be expressed by the equation: 


de 
K.(C, — C) — ry... 


(17) 
When steady-state conditions exist, 
Equation 17 becomes: 


in which K, is the over-all transfer 
coefficient and r, the oxygen-uptake 
rate. 

Squation 18 may be employed to 
determine the over-all coefficient K, 
which measures the combined effect 
of surface and diffused aeration. The 


term r, is measured in the field or 
laboratory and is related to BOD re- 
moval. 


= 
dy 
| 
dy x 
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Temperature Effects 

Both the rate of biological oxidation 

and the rate of oxygen transfer are 

temperature dependent. The relation- 

ship commonly employed is: 
Kr = 


(19) 


where Ky and Ko are the reaction 
rates at temperature 7 (°C) and 20°C, 
respectively, and @ is a constant. The 
value of @ for biological oxidation has 
been reported to vary from 1.035 to 
1.065. In this study, a temperature 
coefficient of 1.035 was obtained from 
laboratory and field investigations. 
Further study should be made to con- 
firm the temperature coefficients for 
the oxidation of various wastes. The 
value of 6 for oxygen transfer has been 
reported to vary from 1.016 to 1.047. 


Sludge Accumulation 


A portion of the BOD removed in 
the lagoon results in the synthesis of 
microbial sludge. A significant portion 
of these solids may settle to the bottom, 
and, in addition, solids present in the 
influent may also settle. 
cumulation has been found to vary 
from 0.1 to 0.2 lb/Ib BOD removed. 
Further studies are being conducted to 
evaluate this factor. 


Sludge ac- 


Laboratory Investigations 


Laboratory investigations were car- 
ried out under aerobic conditions similar 
to those which may occur in the actual 
operation of a 
BOD removal characteristics. Aerobic 
conditions maintained by the 
natural process of atmospheric reaera- 
tion induced by a vertically oscillating 
grid suspended in the waste sample. 
The grid did not break the water sur- 
face. Additional batch studies were 
conducted in which aerobic conditions 
were maintained by bubble aeration. 
Cannery and paper mill wastes were 
studied; a typical reaction rate curve 
is shown in Figure 2. 

To compare the efficiency of a con- 


lagoon to determine 


were 
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% BOD REMAINING 


SYNTHETIC TOMATO WASTE 
INITIAL BOD=740 
TEMPERATURE = 24°C 


2 
TIME - DAYS 


FIGURE 2.--Typical BOD removal curve for 


cannery waste. 


tinuous process with a batch process 
and check the validity of Equation 3, 
a 29-gal drum was fed continuously 
and operated in parallel with the batch 
operation. Detention periods of one 
to five days were employed. The rates 
of oxidation of cannery wastes were 
measured under these conditions at con- 
stant temperature. A synthetic waste 
was prepared using dietetic tomato 
juice and corn puree diluted to concen- 
trations typical of these wastes. Seed 
material from a previous run was 
added to each batch sample; the 
amount was 10 per cent by volume. 
Daily determinations were made of DO, 
BOD, COD,SS, pH, and oxygen-uptake 


UPTAKE RATE = 10 mg/i per br 


DISSOLVED OXYGEN — MG/L 


80 120 60 
TIME - MINUTES 


FIGURE 3.—Typical oxygen-uptake rate. 
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FIGURE 4.-—Typical vertical velocity profiles. 


rate. The oxygen-uptake rate was de- 
termined by measuring the dissolved 
oxygen polarographically in a sealed, 
agitated sample at selected time inter- 
vals. Depending on the oxygen-up- 
take rate and the waste characteristics, 
the time intervals varied from 5 to 15 
min. Typical data are shown in Fig- 
ure 3. 
Field Investigations 


Field studies were conducted in a 
cannery-waste lagoon 240 ft long, 120 ft 
wide, and 53 ft deep. Two air headers, 
120 ft apart, were placed across the 
width of the lagoon. Air spargers were 
spaced at 5-ft centers on each header. 
The waste flow was distributed at one 
end of the lagoon and the treated waste 
discharged over a weir at the other end. 
Additional studies were conducted on 
an experimental lagoon treating pulp 
and paper mill wastes (4). This lagoon 
was 63 ft long and 43 ft wide with an 
average operating depth of 9.5 ft. 
Aeration was accomplished by three 
sparger units placed on 9-ft centers on 
an air header across the center of the 
lagoon. 


Velocity gradients were estimated 
from velocity measurements made with 
a standard current meter at various 
depths and distances from the air 
headers. A typical set of velocity 
profiles is shown in Figure 4. Only the 
velocities in the upper six inches are 
significant in evaluating the velocity 
gradient at the surface. 

Daily measurements of BOD, COD, 
and SS were made on influent and 
effluent samples. Dissolved oxygen, 
temperature, and oxygen-uptake rates 
also were measured. 


Results 


The results of the laboratory investi- 
gations on continuous treatment of can- 
nery wastes are summarized in Table IT. 
These studies were conducted at tem- 
peratures ranging from 24 to 26°C. 
Pilot-plant data for a paper mill 
waste are shown in Table III. The 
operating temperature for the paper 
mill waste oxidation varied between 15 
and 36°C. The per cent BOD re- 
ductions were adjusted to 25°C in the 
‘vase of the paper mill waste using a 
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Summary of Data from a Continuously Operated Laboratory Unit 


Treating Cannery Wastes 


Feed BOD Effluent BOD 


mg/i) mg 


Mean 


Temp 


BOD 
Removal 


(%) 


Rate* 
Constant, A 
(per day) 


Detention 
day 


0.21 
0.30 
0.24 


0.17 


* Rate constant from simultaneous batch-type unit. 


temperature coefficient, 6, of 1.035. 
The oxidation-rate constant was de- 
termined for both wastes by batch 
laboratory studies, and a typical curve 
for the cannery wastes studied is shown 
in Figure 2. The rate for both wastes 
varied from 0.17 to 0.30 per day at 
an average temperature of 25°C. The 
numerical values of the rate constant 
for most of the data ranged from 0.18 
to 0.26. Based on these findings, theo- 
retical reductions were computed from 
Equation 38. A comparison of the 
theoretical and observed data is shown 
in Figure 5. The relationship between 
BOD removed per unit of lagoon 
volume and oxygen utilization in the 
lagoon is shown in Figure 6. 

The surface aeration coefficient was 
determined from velocity profiles meas- 
ured in the field at various air flows. 
The velocity data shown in Figure 4 are 


TABLE III.—-Summary of Data from a 
Pilot Plant Treating Paper Wastes 


Feed Deten 
BOD tion 


mg/l) 


BOD 
t Removal*? 
days @ 25°C (%) 


210 | 27 32 
250 i 2: ‘ 13 
250 | 1: 20 51 
200 | 5: 68 
250 | ( 15 70 
290 | 120 | 20 | 62 
260 
210 | 76 


*K from batch oxidation, 0.18 to 0.26 
25°C. 


t Corrected by Kr = Kz 


1.035(7-™), 


replotted in Figure 7. From the inter- 
cept and slope of these relationships, 
the velocity gradient is computed in 
accordance with Equation 13. 

The velocity gradients computed in 
this manner for various distances from 
the air source are shown in Figure 8. 
The constant @ in Equation 14 is 
evaluated from this plot. The mean 
velocity gradient is then determined by 
means of Equation 15 for the appro- 
priate header spacing. 

To evaluate the coefficient of diffused 
aeration in a particular waste it is 
necessary to eliminate the surface aera- 
tion effects as previously described. 


This evaluation can be made by em- 
ploying a non-steady state aeration pro- 
cedure in a tank in which the air diffu- 


The 


sion unit is placed in the center. 


100 


% REDUCTION 


LABORATORY - CONTINUOUS 
PILOT PLANT- PAPER MILL 
PILOT PLANT- CANNERY 

DATA ADJUSTED TO 25°C 


2 3 
TIME- DAYS 


FIGURE 5.—BOD reduction for 
continuous operation. 
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FIGURE 6.—-Oxygen uptake related 
to BOD removed. 


surface area of the tank is very small 
compared with that of the lagoon. A 
ratio of 50:1 was used in this study. 
The dissolved oxygen initially present 
is removed with cobalt-catalyzed so- 
dium sulfite. The rate of absorption 
of oxygen at various air rates and vari- 
ous depths is determined by the change 
in dissolved oxygen content after oxida- 
tion of the sulfite is complete. 

The over-all transfer coefficient, K,, 
for the lagoon was computed by means 
of Equation 18. The total amount of 
oxygen transferred, determined by this 
means, compared favorably with the 
calculated amounts determined by sub- 
stituting, consecutively, the computed 
coefficients for surface and diffused 
aeration in Equation 8 (Table IV). 
The values computed by means of 
Equation 18 were consistently greater 
than the values computed from Equa- 
tion 8 which may be attributed to the 
surface aeration in the immediate 
vicinity of the air source. 

A study was conducted to evaluate 
the effect of mixing in the experimental 
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FIGURE 7.--Variation of velocity with depth. 
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FIGURE 8.—Decay of velocity gradient 
with distance. 


lagoon. Two procedures were em- 
ployed: dye dispersion and simul- 
tuneous determination of oxygen-up- 
take rate and COD at various locations 
in the lagoon. The results of these 


TABLE IV.—Comparison of Oxygen 
Transfer Values 


Oxygen Transferred* 
b/hr) 
Air Flow Calculated from 
(efm/1,000 |—— - 
“quation 8 
Surface | eal Total | Total 
0.40 0.43 | 0.90 33 1.46 
0.50 0.51 | 1.22 73 | 1.78 


* Based on 1.0mg/] DO in the lagoon at 25°C. 


tests indicated that there was sufficient 
turbulent mixing to establish substan- 
tially homogeneous conditions through- 
out the lagoon. In the 240-ft lagoon, 
with an air flow of 0.5 efm/1,000 gal, 


TABLE V.—COD Values 


Location COD (mg/l) 
1,650 
60 ft from infl. 1,110 
120 ft from infil. 1,040 
180 ft from infl. 1,080 


1,090 
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the measured COD values at various 80 per cent for detention periods of 
points in the lagoon were as shown in from 2jto 5 days, with temperatures 
Table V. ranging from 15 to 30°C. These were 
The BOD removals obtained in the of the same order of magnitude as 
experimental lagoon ranged from 50 to those obtained in the laboratory. 


Design Example 
1. Data 


a. Flow 1 mgd 
b. BOD raw 250 
c. Efficiency = 70 per cent @ 25°C 
Volume of basin 
a. From laboratory data, the oxidation rate K = 0.23 @ 25°C 
b. Detention time from a rearrangement of Equation 3: 
E 

K (100 — EB) 

70 
0.23 X 2.3(100 — 70) 


t = 4.5 days 


c. Volume: 


V 1.5 days X 1.0 mgd 
V 1.5 mil gal = 600,000 cu ft 


se 2 units each @ 300,000 eu ft 
d. Dimensions: 


Assume 

Depth LO it 

Area 30,000 sq ft 
Length 300 ft 
Width LOO ft 


sign of aeration system 


a. From laboratory data, the BOD-—Oy, relationship was found to be (Equa- 
tion 6): 


R, = ab 
1.1 Ib/day QO» is required to satisfy 1.0 lb/day 5-day BOD thus 
O, needed = 1.1 X 0.70 X 250 X 8.34 X 1.0 
= 1,600 lb/day = 67 lb/hr 


b. A diffusion device was selected with an efficient operating range of from 
5 to 30 cfm per unit. For the first trial design, the following parameters 
were assumed: 


Air flow per unit = 7, = 15 cfm 
Air header spacing = 60 ft 
No. of headers per basin 5 
DO concentration C = 1.0 mg/l 
DO saturations @ 25°C 
8.4 mg 

9.0 mg/l @ average depth 


5 
& 
a. 
¢ 
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c. The total oxygen transfer is expressed by Equation 8 which may be re- 
expressed in terms of the number of diffusion units, n: 


N = K_,A(C, — C) + nK_/aV,(C,’ — C) 
From this equation, the number of diffusion units may be determined. 


d. Surface aeration: 


Assume air flow = 0.4 cfm/1,000 gal, then for this air flow, using the plot of 
Figure 8, Equation 14 becomes 


dU 115 


The mean velocity gradient is (Equation 15) 


dU 


_ U5 X34 


= = = 135/sec = 4. . 
dy 30 29 1.35/see = 4,900/hi 


(The upper limit of 30 ft is } the header spacing.) 


The surface aeration coefficient may be now computed from Equation 10 


Kk L= 


for 25°C, 


D, = 0.93 XK 10-4 sq ft/hr, and so 


ll 


= V0.93 X 10-4 X 0.49 X 104 
0.67 ft/hr 
Because the surface area = 60,000 sq ft 


N, = K,A[C, C} 
= 0.67 X 60,000 [8.4 — 1.0] X 62.4 X 10-* 
= 19 lb/hr 


e. Diffused aeration: 
The required oxygen transfer from diffused aeration equals 


Np = N N, 
= 67 — 19 = 48 lb/hr 


The number of diffusion units may be determined from 


Np = nK;,'aV,(C,’ — C) 


For G, = 15 cfm and lagoon 10 ft deep K,’aV, = 750 cu ft/hr 


48 
= 129 
750 X (9.0 — 1.0) K 62.4 X 10-6 


The number of diffusion units per header = = = 12.9; use 13 and space at 


100/13 or 7.7 ft 


Tr 
dU 
— 
dy 
3 


129 XK 15 


Air flow/1,000 gal 


4,500 


Summary 


The rate of BOD removal was de- 
termined in a laboratory batch treat- 
ment device which simulates lagoon 
conditions. The rate of oxidation de- 
termined from the laboratory data can 
be used to predict the efficiency of con- 
tinuous lagoon systems from Equation 
3 or 4. 

The rates of oxygen uptake and solids 
accumulation are determined concur- 
rently with the BOD removal study in 
the laboratory. From these data, a 
relationship between oxygen utilization 
and BOD removal can be developed. 
The total oxygen requirements may be 
determined for any BOD removal level. 
These requirements are supplied by 
oxygen transferred from surface and 
diffused aeration. The coefficient of 
surface aeration is related to the aver- 
age velocity gradient at the water sur- 
face of the The coefficient 
of diffused related to the 
nature of the diffusion device, the air 
flow, and the depth. Field 
studies were employed to determine 


lagoon. 


aeration 1s 
lagoon 


surface and diffused aeration. 
Temperature influences the rate of 
BOD removal and oxygen utilization. 
The rates of surface and diffused aera- 
tion are also related to temperature. 


Conclusions 


afford an 
treatment 


1. Aerated lagoons eCo- 
nomical method of 
where land is available. 

2. Laboratory and field procedures 
have been presented which may be 


employed for the design of aerated 


waste 


lagoons. 

3. BOD removals of up to 80 per 
cent have been obtained on cannery 
and paper mill wastes. 
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Back check on assumed air flow of 0.4 cfm/1,000 gal: 


In a similar manner the design for other depths and conditions may be caleu- 
lated and the most economical selection made. 


April 1960 


——— = ().43 cfm 


1. Additional laboratory and _ field 
work are necessary to confirm the tenta- 
tive conclusions suggested by this work. 
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O’Connor and Ecken- 
felder are to be congratulated for point- 
ing the way to a better basis of design 
for aerated-lagoon treatment units. 
Theirs is the first published paper in 
which the equations for surface reaera- 
tion developed by O’Connor and Dob- 
bins (7) have been used in the design 
of aerated waste treatment units. 
Space limitations undoubtedly ac- 
count for the omission of detailed field 
data in their report, making it impos- 
sible to compare results with theoretical 
design considerations. Some of the 
questions raised by the present paper 
might have been answered had these 
data been published. 


Professors 


There are, how- 
ever, some factors in evaluating the 
oxygen requirements of a lagoon which 
seem significant to this writer, but 
they were either not considered or not 
taken the report. 
Some minor importance, but 
because all require a plus correction, 


into account in 


are of 


i.e., an increased oxygen requirement, 
their cumulative effect is large. Dis- 


1. Data 


a*. Flow = 1 mgd 

b*. BOD raw waste = 250 mg/l! 
c. SS raw waste = 250 mg/1 
d. VSS = 80 per cent 

e*. BOD effluent = 75 mg/l 

f. SS effluent = 75 mg/l 

g*. Temperature = 25°C 
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cussion of these factors herein is not 
necessarily in order of importance. 


Benthal Oxygen Demand 


The solids which settle to the bottom 
of a lagoon continue to exert an oxygen 
demand by benthal oxidation. This 
process, which is somewhere between 
aerobic oxidation and anaerobic de- 
composition, might not appear im- 
portant because its oxidation-rate con- 
stant is between 1/30 and 1/40 that of 
domestic sewage (10) (11) (12). How- 
ever, since the sludge solids accumulate 
in the system, they continue to exert a 
deoxygenation effect”™over a year or 
longer and thus areimportant when 
considering aeration requirements. 

Fair et al. (10) and Lardieri (11) 
studied benthal oxidation in the labora- 
tory, and from their data it can be 
assumed that the benthal oxygen de- 
mand per year will be equal to 25 per 
cent of the volatile solids deposited. 

For the design example used by the 
authors, the benthal oxygen demand 
‘an be estimated as follows: 


h. Sludge solids formed per lb of BOD added (80 per cent volatile) = 0.15 Ib 


Oxygen requirement 


a. Volatile solids: 


VSS (raw waste) 


Oxygen demand of sludge VS = 0.25 lb Oy» per year per lb of VS 


(250 — 75) X 8.34 X 0.8 
1,170 Ib/day 


VSS (biological oxidation) = 250 X 8.34 X 0.15 = 310 Ib/day 


— Total VS = 1,480 lb/day 


* Assumed by the authors. 


~ 
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b. Benthal oxygen demand: 


1,480 & 365 X 0.25 
O» needed = - ORE 
365 

(after 1 years’ operation) 


Oxygen Requirements for BOD 


O’Connor and Eckenfelder have ex- 
pressed their BOD oxygen require- 
ments as: 

al, 
where 


= oxygen utilized, lb per day; 

= oxygen utilization factor based 
on fraction of organic matter 
oxidized in 5 days; and 
organic matter removed Ib per 
day (5-day basis). 


They state that the value of a can be 
evaluated from laboratory or field data, 
and have used a value of 1.1 for this 
constant in their design example, but, 
unfortunately, the method for calcu- 
lating this value was not given. If the 
first-order equation is used for the 
BOD curve, it can be demonstrated 
mathematically, assuming the A values 
for the influent and effluent are the 
same, that: 


R 
where 


= (as above) oxygen utilized, 
lb/day; 

= ultimate BOD of the raw waste, 
mg/1; 
5-day BOD of the raw waste, 
mg/I; 

= 5-day BOD of the effluent, 
mg/l; and 


a, 


The value of a is about 1.1 for values 
of K between 0.18 and 0.25. However, 
these K values hold for BOD observa- 
tions up to 5 or 6 days and give low 
results for the true value of the ultimate 


370 Ib/day 


= 15.5 lb/hr 


BOD, L. When observations are made 
over the entire sewage BOD curve (and 
for many other wastes), A approaches 
a value of 0.1 and the ratio of the ulti- 
mate to the 5-day BOD, a, approaches 
a value of 1.45. The change in the 
value of the first-order curve constants 
with time is shown by Orford and 
Ingram (13), and the errors that can 
occur when the first-order equation is 
used with short-term BOD observa- 
tions are thoroughly discussed. 

There are many wastes which oxidize 
completely in 5 days or less, some as 
low as 1 day. These latter wastes 
usually contain easily oxidized soluble 
and colloidal material with little or no 
suspended organic matter. With these 
wastes, the @ value, based on 5-day 
BOD results, would be low, approach- 
ing a value of 1.0. Thus, to select a 
value for the constant a, some informa- 
tion about the entire BOD curve for 
both raw waste and effluent should be 
available, at least for the raw waste. 

O’Connor and Eckenfelder have 
shown that there is very good agree- 
ment between calculated oxygen trans- 
fer and observed oxygen transfer. 
Thus, the low value of 1.1 obtained for 
a must be substantially correct for their 
work. It should be expected that in a 
lagoon, where the contents are thor- 
oughly mixed, the amount of oxidation 
is less than will occur in a BOD test 
for the same average detention period. 
Since biological oxidation occurs at a 
diminishing rate, the portion of the 
waste whose detention time is less than 
average will have a much higher oxygen- 
demand rate than the portion of the 
waste whose detention time is propor- 
tionally greater than the average. 
Thus partially treated waste continu- 
ously leaves the lagoon, lowering the 
computed oxygen requirements. Also, 


4 
R, 
a 
Re: R, 
Ly 
lL, 
Ly 
: —= : 
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a portion of the BOD will be removed 
by sedimentation and will not require 
immediate oxidation. This emphasizes 
the need for considering the benthal 
oxidation requirements of the bottom 
sludge. 

The low oxidation in mixed lagoons 
can be illustrated by using the authors’ 
results for Run 1, Table II. Here the 
oxygen requirement for BOD can be 
computed as: 


required 


=a X (mg/l BOD change) = aR, 
1.1 X (580 — 170) 
= 451 


Thus, with a lagoon detention period 
of 5 days and a temperature of 25°C, 
the computed oxygen requirement is 
less than the 5-day 20°C BOD of the 
waste by 129 mg/l or 22 per cent. 
An important point is that the value 
for a of 1.1 does not necessarily hold for 
all mixed lagoons or all types of wastes. 
For longer detention times the value 
will rise to a maximum of about 1.4 and 
for shorter detention times, it may be 
less than 1.0. When the wastes have 
mostly soluble BOD, the value of a 
should decrease; the reverse should be 
true when wastes have a high propor- 
tion of organic suspended material. —, 


Surface Reaeration 


In calculating surface reaeration, the 
authors have made their greatest con- 
tribution. At the time of their writing, 
there was not available to them reliable 
information concerning the effect of 
organic material on the rate of oxygen 
transfer. Recently, Rand (14) has 
shown that the presence of sewage re- 
duces the surface reaeration rate cont 
stant AK; by as much as 40 per cen- 
when the BOD is 250 mg/l and by 
25 per cent when the BOD is 75 mg/I. 
Rand does not suggest that BOD or 
the presence of organic material per se 
is responsible, but rather that BOD is 
the best measure of the materials tha- 
may be causing the interference (pro- 
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TABLE VI.—Calculated Values for Surface 
Reaeration for Design Example 


(cfm/1,000 gal) (ft/hr) (Ib/hr) 
0.2 4.4 0.33 9 
0.3 7.2 0.42 11.5 
0.4 11.5 0.54 14.7 
0.5 14 0.63 17.2 
0.6 19 0.69 18.8 
0.7 24 0.78 21.2 
0.8 30 0.87 23.7 


*Values for Kz, reduced 20 per cent—dis- 
solved oxygen at saturation, 25°C = 8.1 mg/l. 
¢ Oxygen transferred by surface aeration. 


teins, detergents, and other compounds 
with strong surface effects). 

If the assumption is made that the 
lagoon has a BOD of 75 mg/I, it can 
be estimated that the surface reaeration 
will be reduced 20 per cent. This 
takes into account the fact that the 
wastes in the lagoon are partially 
oxidized and the effect will probably be 
lessened. 

The authors developed an empirical 
relationship 3 my (Equation 14) from 

dy 
experimental data plotted in Figure 8. 
The writer has extended these curves 
by assuming an apparent logarithmic 
spacing between the lines and has 
estimated the values for the constant @, 
which is merely the intercept on the 
x = 1 ft axis. These values are given 
in Table VI and will be used in subse- 
quent calculations. 

Another factor affecting reaeration is 
the oxygen saturation value for a given 
temperature. It has long been known 
that the oxygen saturation values 
commonly used and given in “Standard 
Methods” (15) are too high. Trues- 
dale et al. (16) in 1955 reported new 
oxygen saturation values. Their work 
was done with great care, using modern 
equipment and refined techniques, and 
can be considered more accurate than 
the work done about 50 years ago. 
Gameson and Robertson (17) simplified 
the equations which Truesdale de- 
veloped and found that for pure water 


| 


380 
the equation for oxygen saturation is 
175 
33.5+ 


and for sea water the equation is 


175 — 2.65S 


3354+T 


where 


- oxygen saturation value, mg/I; 
° 

temperature, °C; and 

salinity as NaCl in parts per 

thousand. 


For the design example used, the 
oxygen saturation valué at 25°C should 
be 8.1 mg/l instead of 8.4 mg/l. This 
is a small difference, but when the dis- 
solved oxygen level is 1.0 mg/l, the 
calculated reaeration is 4.2 per cent too 
great, and when the dissolved oxygen 
is at 50 per cent saturation (a common 
figure), the calculated 
7.5 per cent too great. 


reaeration is 


The authors’ surface reaeration values 
for the design problem have been re- 
calculated using reduced values for 
the reaeration constant, Kr and the 
oxygen saturation constant, C,. Both 
constants were reduced as previously 
described. 
Table VI. 

It is interesting that the estimated 
benthal oxidation rate of 15.5 lb/hr of 
Os is about the same as the median 
estimated surface reaeration 


These values are given in 


rate of 
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17.2 lb/hr. The writer suggests that 
for design purposes it be assumed that 
the surface reaeration rate equals the 
benthal oxidation rate. 

The involved when benthal 
oxidation is assumed to equal surface 
reaeration will be less than the error 
obtained when benthal oxidation re- 
quirements are assumed to be zero. 
Both surface reaeration and benthal 
oxidation should be considered if the 
ratio of surface reaeration to diffused 
aeration is great or the ratio of settle- 
able organic solids to BOD is high. 


error 


Diffused Aeration 

The effects of organic matter on the 
reaeration-rate constants for bubble 
aeration have not been determined. 
However, the principles for diffusion 
through plane surfaces and through 
bubble surfaces are similar, and it can 
be expected that the rate constants for 
bubble aeration will also be reduced by 
the presence of organic matter. 

The reduction in reaeration rate 
cannot be evaluated at this time, but 
it can be given some consideration by 
increasing the factor of safety on 
minimum oxygen levels. Instead of 
setting 1.0 mg/l of oxygen as the work- 
ing oxygen level in a lagoon, the mini- 
mum might be raised to 1.5 or 2.0 mg/I. 
This has approximately the same effect 
on estimated air requirements as re- 
ducing the bubble reaeration rate con- 
stant by from 7 to 14 per cent. 


Air Diffusion Requirements 


By assuming that surface reaeration 
equals benthal oxidation, the calcula- 
tions for diffused air requirements are 
greatly simplified. The oxygen re- 
quirement for BOD removal, R,, from 


Air flow per unit = G 15 efm 
Air header spacing = 60 ft 
Number of headers per basin = 5 
Length of each header 100 ft 
DO minimum concentration = C 


DO saturations @ 25° 


C, = 8.1 mg/1 


the authors’ calculations is 67 lb of O» 
per hour. To compare O’Connor and 
Eckenfelder’s air piping design, the 
same design assumptions are used 
where possible: 


mg/l 


- 8.7 mg/l @ average depth 


Lay, 
C, 

: 

' 
y 
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N = nK,'aV,(C,’ — C) 


and from the authors’ paper 


cu ft 
K" = 170 


hr 


n, the number of diffusion units = 


The number of diffusion units per header = 


100 
header = — 5.0 ft. 
The total diffused air requirement = 
3,000 | 
flow = 4,500 = 0.67 efm/1,000 gal. 


Conclusions 


The writer’s methods of calculation 
give a 54 per cent greater requirement 
for air than O’Connor and Ecken- 
felder’s. Even so, O’Connor and Eck- 
enfelder have shown good agreement 
between their calculated and observed 
oxygen transfer quantities. Obviously, 
this disagreement between the two 
design approaches must either be recon- 
ciled or one considered wrong. 

A few possible explanations for these 
differences are suggested : 


1. The field lagoons were new and a 
bottom sludge had not developed to a 
point where it had a significant benthal 
oxygen demand. 

2. The laboratory pilot lagoons had 
no bottom sludge to give a benthal 
oxygen demand. 

3. The constants for re- 
aeration, shown in Figure 8, were de- 
veloped from laboratory and field data. 
Thus, such effects the 


authors’ 


reduction 


as 


in reaeration rate caused by the pres- 
ence of organic material and the re- 
duction attributed to lowered dissolved 
oxygen saturation values have already 
been cancelled out in the observations 
and calculations. 


The number of diffusion units may be determined from 
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67 


=2 
750187 -15)X624 700 


200 
5X 2 


= 20 and diffuser spacing per 


15 & 200 = 3,000 cfm and the total air 


4. If the assumptions above are true, 
then O’Connor and Eckenfelder’s close 
agreement between the calculated air 
requirements and the observed air 
requirements would be expected. 


The writer has attempted to point 
out some of the problems which should 
be considered in the design for the air 
requirements of an aerated lagoon. 
Each design presents a different prob- 
lem, and it does not follow that the 
design constants which apply to one 
lagoon will necessarily be appropriate 
for the design of another where such 
things as detention time, temperature, 
type of waste and its oxidizability are 
all different. If such factors can be 
thoroughly studied in the laboratory, 
as the authors suggested and were able 
to do, then a less conservative design 
is dictated. But extensive laboratory 
and pilot plant studies are not always 
possible, and the writer suggests that a 
more conservative approach be used. 
Although O’Connor and Eckenfelder 
have made an important step toward 
the improved design of aerated lagoons, 
this writer insists that no matter what 
design approach is taken, some con- 
sideration must be given to the oxygen 
demand of the bottom deposits. 
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ALGAE AND METROPOLITAN WASTES SEMINAR 


Announcement was made in the March Journat of a Seminar on 
Algae and Metropolitan Wastes, April 27-29, at the Robert A. Taft 
Sanitary Engineering Center in Cincinnati. This meeting is being 
sponsored by the Water Supply and Water Pollution Research Staff 
of the Public Health Service. 

For those who can make last-minute plans to attend, it appears to 
be an excellent opportunity to learn the latest about the prevention and 
control of objectionable blooms of algae resulting from enrichment by 
urban and other wastes. An outstanding group of speakers will be on 
hand to discuss the problems. 

Further arrangements and information can be obtained from Dr. Al- 
fred F. Bartsch, Assistant Chief, Water Supply and Water Pollution 
Research, Robert A. Taft Sanitary Engineering Center, 4676 Columbia 
Parkway, Cincinnati 26, Ohio. 


THIS YEAR IT’S IN PHILADELPHIA 


This year’s big Federation meeting—the 33rd—is to be in 
Philadelphia, October 2-6. The Sheraton will be the head- 
quarters hotel and meetings and exhibits will be in Convention 
Hall. Plan now for ‘‘the meeting of the year.’’ 
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PHENOLIC WASTES FROM AIRCRAFT 
MAINTENANCE 


By George W. Reip, Ropert Ropert L. WortTMAN 


Professor of Civil Engineering and Sanitary Science, University of Oklahoma, Norman Okla. ; 
Sanitary Engineer, Hq AMC, Wright-Patterson Air Force Base, Ohio; and 


Maintenance of aircraft creates a 
unique problem in industrial waste, 
particularly phenol waste. For many 
years the Air Foree has been con- 
cerned with the problems arising from 
the discharge of phenolic waste. The 
numerous maintenance — installations 
throughout the states, and the variable 
effluent standards create the problems. 
Of those installations discharging to 
open streams the phenol standards 
range from 0.005 to 5.0 mg/l. At one 
installation the effluent standard is 
50 mg/l. However, the discharge is to 
a sanitary district system where ade- 
quate dilution is available before treat- 
ment in a trickling filter plant. 

Phenolic wastes at Air Force instal- 
lations arise largely from the cleaning 
and processing of aircraft components 
and engine parts. The phenol is an 
expression of the cresylic content used 
in ‘‘Carbon Remover Compound.’’ 
This product is purchased on the fol- 
lowing specification: 25-per cent ere- 
sylic acid, 60-per cent orthodichloro- 
benzene, wetting agents, penetrants, 
and soaps and detergents. 

In the engine repair shops, where the 
majority of carbon remover compound 
is used, phenol concentrations range 
from 200 to 400 mg/l in the rinse 
water. Depending on the dilution af- 
forded in the industrial waste sewer 
system, the phenol concentration at 
the influent to the industrial waste 
treatment plant may vary from a few 
milligrams per 1,000 liters to several 
hundred milligrams per liter. 

Two of the Air Force industrial 
waste plants were con- 


treatment 


Graduate Student, University of Oklahoma, Norman, Okla. 


structed having specialized phenol 
treatment facilities. One plant has a 
closed system recirculating the ‘‘clean’’ 
phenol water back to the maintenance 
shop. In this plant, approximately 
6,000 gpd are bled off to a high-rate 
trickling filter treatment plant. At 
the trickling filter plant the average 
phenol concentration in this influent is 
8.0 mg/l, with an average reduction of 
99.7 per cent. In the other plant, the 
phenol is totally destroyed by oxidiza- 
tion with chlorine. A typical day’s 
data taken from the operating log is 
shown in Table IL. 

This is a report of bench-seale and 
pilot-seale studies performed for the 
purpose of finding an economical 
method for the treatment of phenol 
waste. 


Other Work 

There are numerous literature refer- 
ences to the tolerance or development 
of slimes in a phenol environment. 
Activated sludge appears to be able, 
for a time, to handle modest coneentra- 
tions of phenol and in this respect 
performs a little better than trickling 
filters (1). Various investigators re- 


TABLE I.— Operating Data from One Day of 
Treating Phenol Waste for Waste Flow of 
10,000 gal; Caustic Soda Used, 150 Ib; 
Alum Used, 40 Ib; and Chlorine 


Used, 160 Ib 
Item Influent I EH | Final Effi. 
Phenol, mg/]! 217 | 205 0.0 
pH 9.5 | 68 | 8.0 
Oil, mg/l 280 9 
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TABLE II. Phenol and BOD Removal 


temoval 
Phenol 
in Effi 


mg/l) 


Method of Treatment 
| Phenol BOD 
| (per cent) | (per cent) 


Emulsion breaking 
skimming, and neu- 
tralization 

Specific biological flora 

Chemical coagulation 60-65 

Trickling filter 60-80 

Activated sludge 99 


410-60 
90-93 


4100-—1,000 
12 


94-95 
86-87 
70-80 
80-90 


port that appreciable time appears de- 
sirable for acclimatization. Many bac- 
teria in pure culture were found to be 
able to live in phenol concentrations up 
to 200 mg/l, but few could survive 
above 900 mg/l. Note was taken of 
certain strains of aerobes that could 
be grown in concentrations up to 3,700 
mg/l while anaerobes managed up to 
4,800 mg/l (2 Some bacteria, such as 
Nacardia rubis, utilized phenol as a 
sole source of carbon but required ad- 
ditional nutrition, and generally a 0.1- 
per cent 

fertilizer was used (3). 


solution of a commercial 
Inereases in 
temperature appeared to favor bac- 
terial growth and concentration in- 
creases were not detrimental if the 
increments were kept in the approxt- 
mate range of 100 to 200 mg/l (2) (3) 
(4) (5). the 
studies indicating use of phenol as a 


Summarizing, most of 


food in high concentrations were in 

pure culture, using pure phenol, and 

with supplementary nutrients. 
Earlier studies (6) dealt 


with the 
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treatment of mixtures of sewage and 
low concentrations of phenol, particu- 
larly with reference to trickling filters. 
The results are summarized in Table LI. 


Bench-Scale Studies 
The general method of approach in 
the start 
with a sewage slime and gradually add 
phenol and nutrient in increasing dos- 


bench-seale studies was to 


insofar as the slime would con- 
tinue to then switch to in- 
dustrial wastes containing phenol. The 
basic problem was to determine if a 


ages 


prosper, 


specifie biological slime could utilize 
a trade waste as a source of food. 
Using 13 experimental setups, phenol 
loadings on established attached and 
free floating slime were gradually in- 
from 2 to 8,500 mg/l over a 
period of 14 months, with a breakdown 
concentration of 30,000 me/l. Load- 
ings were instituted on both a batch 
and continuous basis. 


creased 


Apparatus and Techniques 


Two basie types of apparatus were 
developed for the growth of slimes. 
One was a rotating drum, the other an 
aeration tank (Figures 1 and 2). The 
rotating drum had been used in earlier 
studies (7 The 
structed of frosted 
diam, and 2 in. 
approximately 


drums were con- 
glass, 4 in. in 
wide, and revolved at 
4 rpm, partially sub- 
merged in sewage. The slime grown 


on these drums proved to behave as 


FIGURE 1.—Laboratory rotating drum apparatus. 
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FIGURE 2.—Laboratory activated sludge 
apparatus. 


does the slime on a trickling filter and 
the reaction coefficient as determined 
by P* uptake agreed with accepted 
values for a trickling filter. The aera- 
tion Imhoff cones 
containing two-thirds sewage and one- 
third activated sludge to start. Air 
was supplied at the rate of about 2,000 
ml/min. 


tanks consisted of 


The method of operation was on a 
batch basis wherein the tank or cone 
was filled with sewage, phenolic waste, 
and nutrient, and then exposed to the 
slime on the drum or suspended in the 
waste until the phenol was removed. 
The waste was then removed from the 
drum apparatus or decanted from the 
cone and the cycle was started again. 

Most of the data were collected from 
studies usine four drums and nine 
aeration cones, but modifications were 
necessary to approximate continuous 
conditions and to determine reaction 
coefficients. To simulate continuous 
flow, nutrients, phenolic waste, and 
make-up water were fed by an intra- 
venous-type apparatus at a rate such 
that the concentrations of these ele- 
ments were the same at all times. This 
was done on both the drum and aera- 
tion equipment. To determine reaction 
coefficients, a Geiger-Mueller tube was 
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placed over the top of the slime at- 
tached to the rotating drum, and after 
a small amount of P** had been in- 
jected into the waste, the reaction co- 
efficient was determined from the ac- 
cumulative percentage P** uptake. 

The phenolic waste used was from 
Tinker Air Force Base, Oklahoma City, 
Okla. 


Experimental Procedure and Results 


The initial studies were operated on 
a batch basis using the drum and aera- 
tion cones with domestic sewage and 
increasing dosages of phenol. The end 
point of the batch treatment was de- 
termined by the absence of phenol, and 
the incremental increases in phenol 
concentration seldom exceeded 50 mg/1. 
Nutrients were added, scaled on the 
basis of 0.1-per cent concentration of 
12-24-12 fertilizer at 4,000 mg/l of 
phenol. Three drums and six aera- 
tion cones were employed for these 
studies. 

A great variety of experimentation 
was made with the two basic arrange- 
ments. Phenol concentrations as high 
as 7,500 mg/l were obtained on the 
drum and 4,200 mg/l in the aerated 
slime with complete removal (Figures 
3 and 4). Wastes containing as high 


v~ OPTIMUM AT 1800 PPM AND 7500 —- 
PPM CONCENTRATION 


PHENOL UPTAKE - mg/I/day 


° 20 60 80 
CONCENTRATION -mg/I IN HUNDREDS 


FIGURE 3.—Optimum phenol untake 
drum apparatus. 


DIFFUSER 
GRAVEL 
5 
\ 
1600 
| 
= 
1200 
800 
| 
‘ 


ONCENTRATION 


/ \ 
= 
~ 
= 
2 2400}- 
E 
w 
x 
1600 }— 
> 
6 
800 
I \ 
° 800 1600 2400 3200 4000 


CONCENTRATION - m™g/i 


FIGURE 4.—Optimum phenol uptake in 
aeration apparatus. 


as 3,200 mg/l phenol were reduced in 
a shorter period of time, from 6 to 8 
hr, by the aeration tanks. The ac- 
climation of the slimes was generally 
achieved in two to three months (Fig- 
ures 5 and 6). 


The slime was closely 
observed for physical changes, and re- 


action coefficients were determined by 
The number 
of species of bacteria and protozoa de- 
creased, as did k, as the concentrations 
increased. The k factor was found to 
be around 0.08, or about one-half of 
that of sewage slime, at a phenol con- 
centration of 2,000 mg/l. In general, 


using radio phosphorus. 
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FIGURE 5.—Acclimation period to phenol 
waste on laboratory drum apparatus. 
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FIGURE 6.—Acclimation period to phenol 
waste in aeration apparatus. 


it was found that at least two hours’ 
contact was necessary before any ap- 
preciable phenol reduction 
Microscopie examination 


occurred. 
indieated a 
heterogeneous flora and fauna. These 
analyses also indicated a shift to homo- 
geneous growth as did color develop- 
ment and development of poor settling 
characteristics with increasing concen- 
tration. Generally, it can be concluded 
that drum-grown slimes, though they 
remove phenol more slowly, will tol- 
erate higher concentrations. It is shown 
in Figure 3 that the optimum concen- 
trations for most efficient removal are 
at 1,800 and 7,500 mg/l. It was neces- 
sary to add fertilizer for the heavier 
loadings. 

Substitution of trade waste for pure 
phenol did not alter the slime growth 
or phenol waste removal rate. 

To stimulate a continuous loading 
condition as would be encountered in 
a biological treatment plant, phenol 
and food concentration were main- 
tained constant, and continuous load- 
ings of 1,000 mg/l on the drum and 
2,000 mg/l in the aeration cones were 
handled satisfactorily. 


Pilot-Plant Studies 


The next problem was the transla- 
tion of the laboratory studies to the 
pilot-plant stage. The pilot plants are 


ait 
— 
¥ 
OPTIMUM AT 3200 PPM Ci 
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located at Tinker Air Force Base sew- 
age treatment plant. They consist of 
(a) a trickling filter, 4 ft in diam 
and 6 ft deep, equipped for recireula- 
tion and designed to operate as a 
conventional high-rate filter; (b) a 
rotating drum pilot plant with a 
drum 151% in. in diam and 27 in. 
long, and arranged so that both inside 
and outside surfaces are used; and (c) 
an activated sludge tank and clarifier 
of 163- and 40-gal capacity, respec- 
tively (Figures 7 and 8). 

Actually, the pilot plant has two 
distinct parts: (@) equalization and 
clarification tanks; and (6b) biological 
treatment. Emulsion breaking, skim- 


ming, and neutralization were still nee- 
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essary to prepare the waste for bio- 
logical treatment. 


Chemical Treatment 


The waste was transported to the 
plant and stored. The flow of waste 
was from the outside tanks to a chemi- 
eal and air tank where the oil was re- 
moved, then to one of the three pilot 
plants. The chemical treatment con- 
sisted of adding, on the average, 410 
mg/l Fe2(SO4)3, 1,026 mg/l Ca(OH)», 
and about 20 mg/l HeSO,. The effluent 
was clear. The pH was lowered to 3.0 
or 3.5 with H.SO,, then brought up to 
above 8.0. Coagulant and air were in- 
jected, and the waste was skimmed and 
settled. This treatment unit was a 
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FIGURE 7.—Flow diagram of industrial wastes pilot plant at Tinker 
Air Force Base. 
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FIGURE 8.—Pilot plant equipment showing activated sludge units in left 
foreground and the trickling filter in upper right. 


286-gal tank. As much as 35-per cent 
I 
reduction in phenol concentration was 
experienced. 

Trickling Filter Treatment 


In the trickling filter treatment proc- 


ess, primary settled sewage was piped 


to a small holding tank and passed 
over a weir to a pump suction well. 
Clarified phenol waste was introduced 
to the well 
waste holding tank. The phenol con- 
centration determined for each 
batch of clarified waste; the flow was 
controlled by a needle valve and was 
proportioned to the flow to 
obtain the desired phenol concentra- 
tion. The mixed sewage and phenol 
waste was then pumped to a filter dis- 
tributor and the flow to the 
filter was controlled by a valve in the 
pump discharge and a constant-head 
glass piezometer tube. Recirculation 
was maintained by introducing a por- 
tion of the filter effluent to the pump 


suetion from a clarified 


Was 


sewage 


rate of 


suction well. The recirculation was 
discontinued over weekends due to the 
very weak sanitary sewage occurring 
during those periods. The normal flow 
rate was 4.3 gpm, and the design load- 
ing rate was approximately 2 lb BOD 
ecu yd. With phenol concentrations be- 
low 50 mg/I, 80- to 90-per cent removal 
was obtained with only about 50-per 
eent recirculation. As phenol concen- 
trations were increased to 100 mg/], 
more recirculation was required and 
the reduction was lowered to about 40 
per cent. increased 
recirculation (90 per cent), only about 
10 per cent of an applied 300 mg/l] was 
being removed. This method appar- 
ently does not supply sufficient contact 
time at strong concentrations. 

Two filters were used in the study. 
There was not a_ bench-seale 
tionship available for the 
filter. It tested 
common and possible combina- 
tion treatment of wastes highly diluted 


Despite greatly 


rela- 
trickling 
was because of its 


usage 
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with domestic sewage. In these studies 
the proportion of waste rarely ex- 
ceeded 10 per cent, the sewage and re- 
circulation accounting for the balance. 

For 5144 mo, the rotating drum 
plant received phenol waste ranging 
in concentration from 50 to 400 mg/l 
and chromium from 1.0 to 10 mg/I. 
The initial retention time in this plant 
was 2 to 3 hr, with a 60- to 70-per cent 
removal. After two months operation 
the removals began to decline and the 
retention time was increased to 5 hr, 
but the removals declined to 30 per 
cent. When the retention time was 
lowered to 3 hr the removal dropped 
to 12 per cent. The deterioration in 
performance may have been caused 
by the accumulation of chromium in 
the slime. This same result was noted 
in the laboratory plant when chromium 
was present in the waste. The load- 
ings were comparable to the laboratory 
pilot plants, averaging about 0.008 
lb/day/sq ft of slime area. 


Activated Sludge Treatment 


The activated sludge plant operated 
with a phenol waste similar to that 
used in the trickling filter studies. 
However, the sewage, phenol waste, 
and return sludge were proportioned 
and mixed in a funnel at a higher 
elevation than the aeration tank ef- 
fluent weir to obtain gravity flow. The 
mixed liquor flowed from the aeration 
tank by gravity to the suction of an 
air lift and was returned to the elari- 
fier. The return sludge was pumped 
by gravity to the aeration tank in- 
fluent. In the activated sludge plant, 
phenol rarely exceeded 10 per cent; 
the return sludge, 40 per cent, with 
fresh settled sewage constituting the 
balance. 

In this operation it was not neces- 
sary to waste sludge. The DO was 


kept at about 1 to 2 mg/I, the solids in 
the mixed liquor, 2,000 to 3,000 mg/I, 
and the sludge by volume at 40 to 50 
per cent. The sludge volume index was 
about 115 to 150. The removals never 
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FIGURE 9.—Performance of trickling filter 
handling phenol waste. 


were below 89 per cent, and frequently 
were 100 per cent, while the average 
was 95 to 96 per cent. 


Discussion 


The operational data for all three 
plants are shown in Figures 9, 10, and 
11, on the basis of the NRC established 


technique. The formula is: 
100 
e= G+ .(1) 


where m and n are empirically deter- 
mined constants, i the loading rate, and 


80 + oe 
oe? 
60 
= 
a 
a —— 800 
= 
20 


Ib/hr/1,000 sq ft 


FIGURE 10.—Performance of rotating 
drum handling phenol waste. 
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e the removal. Instead of lb of BOD as 
is done in the NRC work, lb of phenol 
are used. Total BOD values were not 
available for comparison, but estab- 
lished values were placed on the curves 
for comparison. 

Because of the obvious inability of 
the trickling filter to handle strong 
wastes, with greatly increased 
recirculation, recirculation factors were 
computed : 


even 


I+k (2) 
1 AS 


where I is the waste plus sewage, and 
R is the recirculation. 

For a recirculation of 90 per cent, 
which was necessary, F would be 10, 
or in effect a theoretical 10 passes 
through the filter. The actual reten- 
tion time in the filter was computed 
by dye studies to be 60 see; theoreti- 
eally, the retention time at this level 
would be 10 min. The actual effective 
recirculation factor is much lower and 
equal to: 


with f being a weighing factor ap- 
proaching 0.9 for trickling filters. <A 
maximum value of F' is reached when 
R/T = (2f — — f) The 
implication herein is that no further 
recirculation above 8 is of any biologi- 


8.0. 


Ib Phenol /hr Aeration/|,000 Ib 


FIGURE 11.—Performance of activated sludge handling phenol waste. 


eal value. Considering the effective 
recirculation and actual contact time 
measurements, the previously reached 
conclusion regarding trickling filters 
and concentrated wastes are strength- 
ened. 

The computed F’ and F values 
ranged for all the data from 1.3 to 
25.0 and 1.2 to 3.0, respectively. The 
highest loading was 1.04 lb phenol/ 
day/eu yd. These data represent only 
a partial load on the filter in that BOD 
is contributed by the sewage. The sew- 
age and phenol in terms of BOD ean 
be interrelated. In this respect Heu- 
kelekian and Rand (5) found about 2 
g BOD per g of phenol. Correlating 
BOD and phenol relationships were 
also obtained for the pilot plants; 
these factors ranged from 4.0 to 2.0 g 
BOD/g of phenol. The higher values 
accounted for the increased volume of 
sewage. 

At loadings of from 22 to 450 mg/I 
or 34 to 210 1b/1,000 eu ft of aeration 
capacity, 98 to 100 per cent of the 
phenol was removed. Caleulated on a 
BOD basis, this would be from 68 to 
420 lb BOD/1,000 eu ft aeration ca- 
pacity for the mixture. 


Conclusions 


Laboratory and pilot studies indi- 
cate that phenol can be treated success- 
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fully by biological slimes in concentra- 
tions as high as 7,500 mg/l. A rotating 
drum type plant is the best for very 
high concentrations of phenol.  Al- 
though the rotary drums are an ef- 
fective treatment device, they are not 
preferable to activated sludge or the 
aeration setups. 

The pilot plant studies demonstrate 
that trickling filters will operate on 
a sewage and phenol mixture, if the 
phenol concentration is kept below 
100 mg/l, but that it is not adequate 
for concentrated wastes. 

Activated sludge treatment, using 
NRC standards, retention time, and 
sludge volume criteria, was very suc- 
cessful for phenol concentrations up to 
500 mg/l and BOD of 1,000 mg/l. In 
this process sludge was not accum- 
ulated. 
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The City of Fond du Lae is trying to employ an individual for the 
position of Sewage Treatment Plant Superintendent. 
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The treatment 


plant includes high-rate trickling filters, separate sludge digestion, 
vacuum filtration, incineration of sludge, and garbage incineration. 
The position requires general supervision of city garbage and refuse 


collections and street sanitation. 


A civil or sanitary engineering graduate with previous operation 


experience is desired. 
liberal fringe benefits. 


The salary range is $600-$720 per month with 
An applicant may obtain further information 


and application forms from the Personnel Office, City Hall, Fond du 


Lac, Wisconsin. 


Stream Pollution 


FORECASTING HEAT LOSS IN PONDS AND 
STREAMS * 


By C. J. VELZ AND J. 


J. GANNON 


Professor of Public Health Engineering and Chairman of Department; and Associate Professor 
of Public Health Engineering, Department of Environmental Health, School of Public 
Health, University of Michigan, Ann Arbor, Mich. 


Disposal and dissipation of heat in 
streams, lakes, and 
with industrial and utility operations 
is of increasing importance in stream 
sanitation. Large quantities of con- 
denser and cooling water used in the 
modern fuel power generating stations, 
nuclear reactors, and industries place 
a heavy demand on water resources. 
In the ordinary sense of the term pol- 
lution, cooling and condenser 
waters are returned to the water course 
unimpaired in quantity and quality. 
However, during periods of drought 
the enormous heat loads may 
raise the temperature of the water 
course substantially above normal 
levels. This affects the natural waste 
assimilation capacity of the stream 
and the normal aquatic life, and may 
interfere with subsequent downstream 
uses, 

In order to evaluate in quantitative 
terms the effects of waste heat load in 
any specific situation, it is necessary to 
have a rational method of forecasting 
heat dissipation and the corresponding 
water temperature profile expected 
along the course of the receiving stream. 
This paper deals with such a method, 
based on conventional stream gaging 
data and weather records. The meteoro- 
logie and hydrologic variables involved 
are defined in statistical terms, mak- 


ponds associated 


these 


waste 


* Presented at the 32nd Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Dallas, Tex.; Oct. 12-15, 1959. 


ing it possible to assign a probability 
of occurrence to any forecast of water 
temperature profile developed. Two 
practical applications are illustrated: 
(a) use of a wastewater storage lagoon 
as a cooling pond for reuse of the 
water and (b) use of a river for dis- 
sipation of waste heat. 


Influence of Heat on Stream 


Sanitation 
Waste Assimilation Capacity 

Temperature of river water is a ma- 
jor factor in organie waste assimila- 
tion capacity of a stream as it plays a 
triple role, i.e., affecting the rate of 
stabilization, the dissolved oxygen sat- 
uration capacity of the water, and the 
rate of reaeration. As water tempera- 
ture rises, the aerobie rate of satisfac- 
tion of organic BOD with 
resultant greater demand on the dis- 
solved oxygen of the river water. The 
normal amortization of BOD debt at 
20°C is at a rate of 20.6 per cent per 
day of what remains each succeeding 
day (1); inereasing to about 40 per 
cent per day at a temperature of 40°C. 
The temperature coefficient governing 
this increase is generally accepted as 
1.047, effective in the range 9 to 30°C. 
Recent studies indicate that the coef- 
ficient is also reasonably applicable in 
the range 30 to 40° C, but further re- 
search is needed at higher tempera- 
tures. 


inereases, 


392 


1 

4 
1 
= 


Vol. 32, No. 4 


Some investigations (2) have shown 
that in addition to increase in rate of 
BOD reaction with increase in tem- 
perature, there is also an increase in 
the ultimate demand of the order of 2 
per cent per degree centigrade. In 
recent laboratory studies and river 
investigations, a significant increase in 
ultimate demand with the tempera- 
tures in the range 20 to 35°C was not 
found. This is also confirmed by the 
work of others (3). 

In dealing with organie sludge de- 
posits (4), the semi-anaerobic rate of 
satisfaction of BOD of the sludge is 
also inereased with rise in tempera- 
ture, thereby increasing the demand 
on the dissolved oxygen of the over- 
flowing water. A secondary effect is 
the influence of temperature on the 
equilibrium accumulation of BOD at- 
tained in the deposited sludge. As 
temperature rises the equilibrium ac- 
cumulation declines and, conversely, as 
temperature declines BOD accumu- 
lates to higher equilibrium levels. 
Thus, a sudden rise in temperature 
following a protracted period of ac- 
cumulation establishes a combination 
of high rate of satisfaction acting on 
an excess BOD accumulation which 
may induce an abnormally sharp de- 
cline in dissolved oxygen. 

Unfortunately, as the rate of demand 
on oxygen increases with 
temperature rise, the dissolved oxygen 
eapacity of water declines from 9.17 
mg/l at 20°C, to 7.63 mg/l] at 30°C, and 
to 6.6 mg/l at 40°C. Recent work in- 
dieates that the long accepted satura- 
tion values are somewhat high (5) (6) 
(7). 

In the complex phenomenon of re- 
aeration, temperature plays a dual 
role, by influencing the rate of solution 
which is governed by the oxygen satu- 
ration deficit, and by affecting the rate 
of diffusion of oxygen within the body 
of water. The temperature coefficient 
is not firmly established, ranging from 
1.1 to 1.047. Thus, as temperature in- 


resources 


creases, the saturation capacity de- 
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clines; however, opposing this, as tem- 
perature increases the rate of diffusion 
inereases. Where ice cover is a factor, 
heat loads which maintain open water 
for reaeration, of course, are a valu- 
able asset to waste assimilation in 
severe climates. 

While in most situations the net ef- 
fect of increase in river temperature 
is a reduction in organic waste assimi- 
lation capacity, the opposing interrela- 
tions require careful evaluation in each 
specific situation, particularly where 
changing temperature profiles induced 
by waste heat loads are involved. 

From the standpoint of bacterial 
self-purification, the effects of tempera- 
ture on coliform concentration below 
sewage effluents and on downstream 
survivals are less firmly established. 
The phenomenon of aftergrowth, in 
part, is influenced by temperature, 
generally increased with inerease in 
temperature (8). The early or first 
stage of the death rate eurve, follow- 
ing the initial aftergrowth, is logarith- 
mie in character, as with BOD. How- 
ever, with the present state of knowl- 
edge, temperature effects on the death 
rate can be defined only in broad terms; 
under warm weather temperatures (15 
to 30°C) 70 to 85 per cent of the 
coliform organisms die per day of those 
surviving on each succeeding day, and 
at cold weather temperatures (0 to 
10°C) 55 to 65 per cent die per day. 
Where intensive river sampling is avail- 
able, these rates are in reasonable 
agreement with observed declines in 
coliform concentrations. 


Aquatic Life 


Various species of fish and the 
aquatie plants and animals on which 
they feed are affected by temperature 
of their water environment and each 
has its tolerance range. Moderate tem- 
perature rise may not be injurious, 
and for some organisms may actually 
result in inerease in population. But 
sudden increase in temperature or rise 
beyond the tolerance range may kill 
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aquatic life or reduce populations. 
Elimination of one species in the food 
chain may upset the entire ecological 
balance. 

Increase in temperature affects the 
oxygen requirements and minimum 
concentration for survival. Generally, 
rise in temperature stimulates the meta- 
bolic rate, thereby increasing oxygen 
utilization. The tolerance limits of 
substances toxic to fish and aquatic 
organisms are usually lowered by in- 
erease in water temperature, render- 
ing the fish more susceptible. High 
temperatures associated with organic 
waste sources may induce serious sec- 
ondary nuisances associated with heavy 
slime growth or aquatic weeds. 

Some aspects of the effects of heat 
loads on aquatie life can be reasonably 
forecast, but frequently under ap- 
parently similar circumstances quite 
different end results develop. 
tailed ‘‘before’’ and ‘‘after’’ field 
studies and further laboratory research 
are needed for a better understanding 
of biological thermodynamics. 


Water Reuse 


With the trend toward large indus- 
trial-urban concentrations asso- 
ciated power developments, competi- 
tion for limited water resources is in- 
tensified and the river water is used 
over and over again. In such settings, 
the impact of one user on another is 
compounded. Before the increment of 
heat load from one source is dissipated, 
another is added, until water tempera- 
ture rises to such an extent as to inter- 
fere with subsequent use or to render 
the stream practically useless for any 
other purpose. During the drought 
season a number of basins in the United 
States approach these conditions. 


Sources and Magnitude of Heat 
Load 

Quantitative data concerning waste 

heat loads discharged to streams and 

the proportion assignable to utility, 
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industry, and municipal sources gen- 
erally are not available. Detailed 
studies on the Thames Estuary (9) 
show that waste heat load from steam 
electric power generation accounts for 
74.5 per cent of the total, with all other 
sources aggregating 25.5 per cent. 
With the trend toward large, fuel- 
generated stations, condenser circulat- 
ing water systems of steam power 
plants are likely to remain the largest 
single source of waste heat. 

It is estimated (10) that approxi- 
mately one-half of all the heat gen- 
erated is dissipated in the condenser 
circulating water system and is dis- 
charged as waste heat to the receiving 
stream. The heat loads from specific 
installations vary widely depending on 
design and operation. In general, the 
smaller generating units produce higher 
unit waste heat loads and require 
larger unit quantities of cireulating 
water. Sargent and Lundy (11) have 
generalized these relationships in 
graphic form as shown in Figure 1. 
Curve A shows the relation between 
the unit capacity in kw and the cir- 
culating water requirements in gpm/ 
kw; Curve B shows the relation be- 
tween the unit capacity in kw and the 
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FIGURE 1.—Steam power plant con- 
denser characteristics in river plants with 
two-pass condensers (11). 
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heat discharged in Btu/kwh. It should 
be pointed out that capacity refers to 
individual unit capacity and not the 
total plant capacity and that the cir- 
culating water requirements refer to 
summer conditions. An inspection of 
the graph shows an inverse curvilinear 
relationship between unit size and the 
heat load and the circulating water re- 
quirements, leveling off to a heat load 
of about 4,400 Btu/kwh, and cireulat- 
ing water needs to about 0.55 gpm/kw. 
For a generating unit of 100,000 kw 
capacity, the heat load from Curve B 
is about 5,000 Btu/kwh, and the cir- 
culating water requirement from Curve 
A is about 0.6 gpm/kw, for summer 
conditions. During the winter period 
the water requirements have been re- 
ported to be about 60 per cent of the 
summer requirements. The data re- 
ported in Figure 1 appear to be in rea- 
sonable agreement with that reported 
by others. 


Meteorologic and Hydrologic 
Factors Influencing Water 
Temperature 


One of the early attempts to estab- 
lish a numeric basis for predicting the 
cooling effects of ponds was that of 
Lima (12). His relationships were 
established empirically from data col- 
lected at existing installations, and 
centered around a coefficient K which 
was related to air temperature under 
standard conditions of a 6-mph wind. 
Another method for predicting the 
cooling effects on ponds was proposed 
by Thorne (13), employing a modified 
energy budget relationship based on 
observations made in Colorado. 

LeBosquet’s pioneering work (14) 
presents a mathematical basis for pre- 
dicting heat loss in a flowing stream. 
The factors taken into consideration 
are the river flow, the differential be- 
tween water and air temperature, river 
channel characteristics, and a heat loss 
coefficient K. Unfortunately, it is es- 


sential to derive K from an observed 
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river temperature profile. The coef- 
ficient varies widely from river to 
river; according to LeBosquet, this 
variation is from 6 to 18. In studies 
of the Ocmulgee River in Georgia, 
based on an observed river temperature 
profile, K was determined as 10.4 Btu/ 
hr/sq ft/°F differential. LeBosquet’s 
equation takes a semi-logarithmic form, 
convenient in application, and where 
K is known, predictions can be made 
for other heat loads and runoff condi- 
tions. 

More recently, British workers (9) 
(15) in studies of the effects of waste 
heat in the Thames Estuary and the 
River Lea, propose an empirical ap- 
proach involving a_ proportionality 
constant f similar to LeBosquet’s con- 
stant A, which also must be derived 
from an observed river temperature 
profile. Based on intensive observed 
data on River Lea, the constant f was 
determined as 5.4 Btu/hr/sq ft/°F 
differential. 

The most complete attempt to in- 
vestigate the various terms of the 
energy budget of water was made at 
Lake Hefner, Okla., by a combined 
Federal task foree, including the U. S. 
Navy, Bureau of Reclamation, Geo- 
logical Survey, and Weather Bureau 
(16). While the primary purpose was 
to investigate the phenomenon of evap- 
oration from water surfaces, much 
basic information was assembled on 
heat loss. For conditions similar to 
those of Lake Hefner, it was found 
that substantial savings in water ean 
be realized by using a reservoir or 
natural lake rather than cooling tow- 
ers (17). 

Based on energy budget relationships, 
Langhaar (18) proposed a method for 
predicting cooling effects of ponds 
which permits direct computation with- 
out dependence on observed water 
temperatures. Modification of Lang- 
haar’s basic approach, as developed 
herein, is the method believed to be 
most applicable to evaluation of waste 
heat problems. 
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Derivation of Basic Equations 


In the development of basie equa- 
tions (following the terminology of 
Langhaar) four principal surface 
mechanisms are involved in heat trans- 
fer and temperature change of a body 
of water exposed to the atmosphere. 
Heat is lost through evaporation, con- 
vection, and radiation and is gained 
through radiation. Heat may 
also be transferred or lost by infiltra- 
tion to into the earth 
bottom, but in a flowing stream and in 
well-sealed basins this may be neg- 
lected. 


as 


solar 


and enclosing 


The heat balance is represented 


H=H,+ H. 

where 

H = net heat loss, 

H, = heat loss by evaporation, 

H. heat loss by convection, 

H, = heat loss by radiation, and 

H, = heat gain by solar radiation. 
The three heat evaporation 
convection (H,), and radiation 
(H,) can be computed from meteoro- 
logic measurements of air temperature, 


kk 


wind velocity, and vapor pressure. 


Evaporat ion Loss 


Heat loss by evaporation (//,) is 
readily calculated by Meyer’s (19) 
formula, which has wide acceptance in 
engineering practice and is_ particu- 
larly applicable because it is based on 
routine U. S. Weather Bureau 
servations. Meyer’s formula for evap- 
oration JI, expressed in inches per 
month, from natural bodies of water is 


where W 
miles per hour measured about 25 ft 
above the water surface or above the 
surrounding land area; V,, is 
pressure in inches Hg corresponding 
to surface taken 


ob- 


+ 0.1W)(V,—-— 


is mean wind velocity in 


vapor 


water temperature 


about 1 ft below the surface; V, is the 
mean absolute vapor pressure prevail- 
ing in the overlying atmosphere 25 ft 


JOURNAL WPCF 


April 1960 


above the water surface or above the 
surrounding land area; and C is a 
constant, ranging from 10 to 15, de- 
pending on the depth and exposure of 
the body of water and frequency of 
meteorologiec measurements. For large 
is taken 
near the lower value, and for shallow 
ponds and surface accumulations, C is 
taken as 15. For flowing streams of 
moderate depth and velocity, C may 
be taken as 14. Using latent heat of 
vaporization (//,) for the given water 
temperature, J, in inches per month, is 
converted to H,, in units of Btu per 
hour per square foot of water surface, 
bv 


deep lakes and reservoirs, C 


H, = 0.00722H,C 
xX (11 —0.1W)(V, 


Convection Loss 


Heat loss by convection depends on 
the temperature differential between 
the water and air and on the wind 
velocity at the surface of the water. 
In still air, convection loss from a flat 
surface ranges from 0.5 Btu/hr/sq ft/ 
F for a temperature differential of a 
few degrees to 1.0 temperature 
differentials to 50 to 100°F. For usual 
cooling pond situations, Langhaar sug- 
gests a coefficient of 0.8. Air 
ment at the surface is reported to in- 
crease the coefficient by 0.16 to 0.32 
for each mph of wind velocity. For a 
quiescent body of water such as a cool- 
ing pond, Langhaar suggests an aver- 
age value of 0.24. For flowing streams 
of moderate velocity the higher value 
approaching 0.32 would be reasonable. 
The greatest factor of uncertainty is 
the conversion of nearby U. S. Weather 
Bureau wind record to velocity at the 
surface of the water. 


for 


move- 


This depends on 
relative exposure and usually is taken 
as half that recorded at official Weather 
Bureau stations. 

a flowing river 


Convection loss for 


then is given by 


H, = 


W 
(os + 0.32 — — (4) 
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where 7, is the water temperature at 
the surface and W and 7, are Weather 
Bureau measurements of mean wind 
velocity in miles per hour and mean 
air temperature, respectively. 


Radiation Loss 


Heat loss by radiation from 
water surface (//,) depends on 
temperature differential between the 
water and the air as well as the 
radiation from surrounding objects 
and terrain. Assuming surrounding 
objects and terrain at the same tem- 
perature as the air and an emissivity 
of 1.0 from the water surface, the net 
heat loss by radiation for ordinary 
temperatures is given by 


the 
the 


Solar Radiation Gain 


Heat gain by solar radiation (//,) 
cannot be computed from meteorologic 
factors and must either be estimated, 
or preferably, measured. Determina- 
tion from maximum possible sunshine 
leads to values too high, as local sky 
cover radically reduces the radiation 
reaching the water surface. Loeal ef- 
feets such as shade by trees along river 
banks or community and industrial air 
pollution also ean reduce substantially 
solar radiation reaching the water sur- 
face. The coefficient of 
water surface is high, exceeding 95 
per cent; hence the controlling factors 
are local effects. The measured solar 
radiation, direct and diffuse, on a hori- 
zontal surface as determined at nearby 
Weather Bureau stations is considered 
directly applicable if 
reasonably similar. 


absorption 


exposures are 


Equilibrium Water Temperature 


A body of water exposed to a given 
set of meteorologie conditions, with 
time, will come to equilibrium such 
that the heat losses by evaporation, 
convection, and radiation will balance 
the heat gain from solar radiation. 
Under equilibrium condition net heat 
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loss is zero, and from Equation 1, 


H, + H. +H, = H,... 


Under these conditions the temperature 
of the water will also approach an 
equilibrium limit. This limiting tem- 
perature is referred to as the equi- 
librium temperature and can be 
computed from the measurements of 
the prevailing meteorologie conditions 
as follows: 


(6) 


Substituting the three expressions of 
heat loss in Equation 1 gives 


H = .00722H,C (1+.1W)(V~— Va) 
+ (.8+.16W)(T.—T.) 
+1.0(T..—T.) —Hi,. . (7) 


At equilibrium the temperature of the 
water 7,=E, and Sub- 
stituting and combining gives an equa- 
tion for EF and Vz in terms of the meas- 
urable meteorologie factors. 


(1.8+.16W)E 
+ .00722H,C(1+.1W) Ve 
=(1.8+.16W)T, 
+ .00722H,C (1+.1W)Vat+d,. . (8) 


A direct solution for FE cannot be 
made by Equation 8 as Vz, is also in- 
volved, but by assuming values for E 
by successive approximations a balance 
in the equation is quickly approached 
which thus determines the proper value 


of E. 


Heat Dissipation and Water Tempera- 

ture Profile 

Theoretically, an infinite time of ex- 
posure is required for water to attain 
equilibrium with given sustained me- 
teorologic conditions. Also, an infinite 
surface area would be required for 
warm water introduced into a river or 
basin to cool to the equilibrium tem- 
perature. Fortunately, the tempera- 
ture decline is nearly logarithmie. 
Thus, while complete cooling to equi- 
librium temperature is not fully at- 
tainable, close approach to that level 
is obtained within practical limitations 
of time, basin area, or river reach. 
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The relation between water tem- 
perature profile and required surface 
cooling area involves the following con- 
cepts of net heat loss H based on ob- 
served conditions. An 
water temperature de- 
cline d7’,, per increment of time dt is 
equal to the heat loss from the cor- 
responding increment of surface area 
divided by the weight of the under- 
lying water of b depth. 


dT’, H 
dt 62.4b 


meteorologie 
increment of 


Integrating gives 


Expressing ¢ in hours, in terms of area 
A in square feet per cfs of stream flow, 


. (10) 


bA 
3.600’ 


and solving for A gives 


{4 = 294 640 


From Equation 6, 
H,=H,+H.+ H, 


from which 


when T7', 


H, = .00722H,C (1+.1W)(Ve—Va) 
(12) 

Substituting in Equation 7 gives 

H = .00722H,C (1+.1W)(Vu—Ve) 


+ (1.8+.16W)(7,—E)..(13) 


Combining Equation 13 with Equation 
11 and substituting a for 


0.00722 H,C(1 + 0.1W) 
and 8 for (1.8 + .16W) gives 


A = — 224,640 
dT, 


(Vo- Ve) 


While Equation 14 cannot be inte- 
grated directly, it is possible to reach 
solutions, without 
pirical procedures, by dividing the 
temperature differential 7; — Ts. into 
a number of equal increments AT, and 


resorting to em- 
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performing the integration by sueces- 
sive summations, taking 7',, and its eor- 
responding V, as the mean for each 
successive inerement in 
with 


accordance 


A = —224,640 


AT, 
(15) 
Usually summation of 4 to 8 inere- 
ments is adequate and since the com- 
plete temperature profile is desirable, 
the successive inerements provide the 
intermediate points between the enter- 
ing water temperature 7’; and the final 
temperature 7's 

Thus, where long term weather rec- 
ords are available it is possible by 
Equation 8 to compute the equilibrium 
water temperature expected from any 
probability of occurrence of meteoro- 
logie conditions. The equilibrium tem- 
perature E represents the limit of cool- 
ing 
stream. 


possible in a surface pond or 
In turn, cooling to any level 
of temperature above equilibrium can 
be computed by Equation 15. Know- 
ing the cumulative surface area along 
the course of the stream for the par- 
ticular runoff from channel 
tioning, the river temperature profile 
for that runoff can be constructed. 


Gross-Sec- 


Variation in Meteorologic and 
Hydrologic Factors 


In applying the basie equations to a 
practical situation, of equal or greater 
importanee than the adoption of the 
coefficients applicable to the local con- 
ditions is the decision concerning prob- 
ability of occurrence of meteorologic 
and hydrologic factors. Air tempera- 
ture, wind velocity, vapor pressure of 
the atmosphere, solar radiation, and 
stream flow are dynamic variables. 
While these factors vary radically with 
time, within the natural setting the 
variation is orderly and can be defined 
by statistical methods from long term 
records of observations reported by the 
U.S. Weather Bureau and by the U.S. 
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Geological Survey at or near the loea- 
tion under investigation. 

In order to relate a water tempera- 
ture profile to physical locations below 
a point of introduced heat load, it is 
essential to define the channel charae- 
teristics of width, depth, surface area, 
channel volume, and time of passage 
the stream. If 
such data are not available they can be 
readily obtained in the field by channel 
cross-section sounding at about 500-ft 
intervals along the course, employing 
portable echo sound equipment and 
recorder. Each runoff regime produces 
its corresponding channel character- 
istics. Having field measurements for 
one runoff condition, based on ap- 
propriate stage rating curves, adjust- 
ments can be made in channel char- 
acteristics for other probabilities of 
stream flow. 


alone the course of 


Expected Variation in Meteorologic 
Factors 


Air Temperature 


The seasonal pattern of air tempera- 
ture and the expected deviations from 
year to year are reflected in the long- 
term records of the monthly average 
recorded at U. S. Weather Bureau sta- 
tions. Statistical analyses of such rec- 
ords, considering each month of the 
year separately, quite consistently de- 
velop normal distributions from which 
the most probable monthly mean air 
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temperature and the standard devia- 
tion are readily obtained graphically 
(20). Figure 2 represents a typical 
normal distribution based on a 37-yr 
record of July monthly averages at the 
U. S. Weather Bureau station at Mid- 
land, Mich. From similar plots for 
each month a clearly defined seasonal 
pattern emerges as shown in Figure 
3. Curve A represents the most prob- 
able monthly mean air temperature 
expected at Midland for each month of 
the year, and the shaded belt based on 
the standard deviation represents the 
range within which monthly mean is 
expected to fall for 80 per cent of the 
years. On 10 per cent of the years it 
can be expected that monthly mean air 
temperature for specific months of the 
year will fall above the upper boundary 
of the shaded belt and that on 10 per 
cent of the years it will fall below the 
lower boundary. Any other range de- 
sired can be obtained from the proba- 
bility plots. 
Wind Velocity 

The velocity of the wind is extremely 
variable and the geographical coverage 
reported at Weather Bureau stations 
is not as extensive as air temperature. 
The seasonal pattern, again, is best 
reflected by the monthly averages at 
stations with continuous long-term ree- 
ords. Statistical analyses of monthly 
average wind velocities indicate rea- 
sonably normal distribution plots for 
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FIGURE 2.—Monthly average air temperature for July at Midland, 
Mich., based on records from 1920-1956. 
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FIGURE 3.—Expected seasonal pattern of air temperature at Midland, 
Mich., based on records from 1920-1956. 


each specific month of the year, from 
which a most probable monthly mean 
and standard deviation are determined. 
Figure 4 represents the plot for the 
month of July for a 
East Lansing, Mich. 

ses, a reasonably orderly seasonal pat- 
tern of variation 
in Figure 5, with the most probable 
monthly mean velocity indicated by 
Curve A and the 80-per cent range in- 


record at 
From such analy- 


33-yr 


emerges, as shown 


dicated by the shaded belt. High wind 
velocity in this locality is normally 
expected in the spring, peaking in 
March; low velocities coincide with the 
hot summer season, with the minimum 
in August. 


Atmospheric Vapor Pressure 
Absolute vapor pressure of the at- 


mosphere in Hg, determined 
from the average of the morning and 


inches 
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FIGURE 4.—Monthly average wind velocity for July at East Lansing, 
Mich., based on records from 1922-1954. 
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FIGURE 5.—Expected seasonal pattern of monthly average wind 
velocity in lower Tittabawassee Basin, based on East Lansing records 
from 1922-1954. 
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FIGURE 6.—Monthly average vapor pressure for June at East Lansing, 
Mich, based on records from 1922-1954. 


evening monthly mean relative hu- analyses of the monthly averages, con- 
midity and monthly mean tempera-_ sidering each month of the year sepa- 
ture, is employed in developing the rately, indicate normal distributions, 
seasonal pattern. Again, statistical from which the most probable monthly 
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FIGURE 7.—Expected seasonal pattern of monthly average vapor 
pressure for lower Tittabawassee Basin, based on East Lansing records 
from 1922-1954. 
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mean and standard deviation for each 
specific month of the year are deter- 
mined. Figure 6 is a typical distribu- 
tion plot for the month of June based 
on the East Lansing record. A quite 
orderly seasonal pattern of vapor pres- 
sure emerges, as shown in Figure 7, 
with the most probable monthly mean 
designated as Curve A and the 80-per 
cent range indicated by the shaded belt. 
The seasonal peak vapor pressure coin- 
cides with the summer warm weather 
period, July to August, and the low 
coincides with the winter season. 


Solar Radiation 


The fourth primary meteorologic 
factor involved in determining water 
temperature radiation. Un- 
fortunately, records are available at 
only a limited number of locations and 
usually for short periods. As reported, 
solar radiation reflects direct and dif- 
fuse radiation received on a horizontal 
surface expressed in Langleys, which 
are converted to Btu per hour per 
square foot by multiplying by the con- 
version factor 0.1535. 

One of the longest continuous ree- 
ords reported is at the U. 8S. Weather 
Bureau station at Madison, Wis., eov- 
ering the period 1933 to 1957. Dealing 
with monthly averages for each month 
of the year, normal distributions de- 
velop as with the other meteorologie 
factors, and Figure 8 is a typical plot 
for the month of August. In view of 


is solar 
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FIGURE 8.—Monthly average solar radiation for August at Madison, 
Wis., based on records from 1933-1957. 
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the short records available at other 
locations, of interest is the nature of 
variation in monthly average solar 
radiation through the seasons of the 
year based on the long record at 
Madison. Table I lists the most prob- 
able solar radiation, the standard devi- 
ation, and the coefficient of variation 
based on the plots of the distributions 
for each month of the year. 

As is to be expected, solar radiation 
is highest during summer, but varia- 
tion relative to the most probable as 
reflected by the coefficient of variation 
is least in mid-summer, increasing to 
maximum variation in winter. 

Where feasible, recourse to records 
enclosing the area under investigation 
is advisable. Reasonably normal dis- 


TABLE I.—Variation in Monthly Average 
Solar Radiation Based on Madison, 
Wisconsin, Record 1933-1957 


| Most Probable Standard 
Month | Monthly Mean Deviation 
Jan. 147 19.0 0.129 
Feb. 218 34.0 156 
Mar. 317 40.0 
Apr. 402 50.0 124 
May 478 57.5 120 
June 541 46.8 .O87 
July 559 37.0 066 
Aug. 476 38.5 O81 
Sept. 366 45.0 123 
Oct. 267 30.8 115 
Nov. 153 23.8 155 
Dec. 125 27.5 0.220 
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FIGURE 9.—Expected seasonal pattern of monthly average solar radi- 
ation in lower Tittabawassee Basin, based on East Lansing records from 
1943-1957. 
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FIGURE 10.—Monthly average runoff for August at Midland, Mich., 
based on records from 1936~1955. 
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from short 
records, from which the local seasonal 
pattern can be constructed, as illus- 
trated by Figure 9 for the 15-yr East 
Lansing, Mich., record. 


tributions develop even 


Expected Variation in Hydrologic 
Factors 

Water is a variable and in its utiliza- 
tion in the natural setting, the laws of 
chance occurrence govern its availa- 
bility. In addition to very unequal 
geographical distribution, the quantity 
of stream flow tomorrow will be dif- 
ferent from today, varying through 
the seasons from year to year, with 
extremes of flood and drought. While 
the average flow of a river may appear 
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CURVE A: MOST PROBABLE MONTHLY AVERAGE. 
CURVE 8: RECORDED MONTHLY AVERAGES (ADJUSTED) FOR THE SEVERE OROUGHT YEAR 1941. 
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405 


good, the real restriction limiting the 
quantity available for use is the un- 
controlled natural drought flow. Two 
statistical evaluations aid in judging 
availability, the seasonal pattern of 


runoff and the determination of the 
drought flow probabilities for the 


warm weather summer-fall season. 


Seasonal Pattern of Runoff 


Analyses of long-term monthly aver- 
age discharge records at U. S. Geologi- 
cal Survey stream gaging stations re- 
flect the seasonal pattern of runoff and 
the deviations expected. The variation 
of discharge for any month from year 
to year is usually great and generally 
approaches a logarithmically normal 
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FIGURE 11.—Seasonal pattern of runoff for Tittabawassee River, based 
on Midland, Mich., gage, adjusted for diversion by Dow Chemical Co. 
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distribution. Considering each month 
of the year separately, plotting the 
monthly log-probability 
paper readily defines the most prob- 
able monthly average discharge and 
the expected ranges, from which the 
seasonal pattern can be constructed. 
Figure 10 illustrates the distribution 
for the month of August for the Tit- 
tabawassee River at the Midland gage. 
Sinee the logarith- 
mically normal, the seasonal pattern is 


averages on 


distributions are 
best developed on semi-log paper, as 
illustrated in Figure 11. Curve A 
represents the most probable monthly 
average discharge expected, and the 
shaded belt about the most probable 
represents the within which 
monthly average discharge for specific 
months of the year can be expected for 
80 per cent of the years. 


range 


The seasonal 
pattern for any specific year, however, 
may deviate from the 
general pattern represented by Curve 


substantially 


A, as not all months through the year 
will runoff of the same 
probability of occurrence. Curve B 
shows the monthly hydrograph for the 
specific 1941, generally 
nized as a year of severe drought. 


experience 
year 


recog- 
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Drought 
bilities 


Flow Severities and Proba- 


Selection of the minimum flow for 
each warm weather summer-fall season 
over the years of record constitutes a 
series of extremes, the distribution of 
which generally is in close agreement 
with the theory of extreme values de- 
veloped by Gumbel (21 The mini- 
mum daily average and the minimum 
calendar monthly average discharges 
are obtained direct from U.S. Geologi- 
cal Survey water supply papers; how- 
ever, to develop the entire drought 
flow pattern it is desirable to select 
from the summer-fall season for each 
year, in addition, the minimum con- 
secutive 7-day average, the minimum 
consecutive 15-day average, and the 
minimum consecutive 30-day average. 
As an illustration, Table LI represents 
such series for the Tittabawassee River, 
Midland (adjusted for 
diversions), for the summer-fall season 
May through October, 1938-1955. Fig- 
ure 12 represents plots of these series 
on Gumbel log-extremal probability 
paper in a manner suggested by Velz 
and Gannon (22). Curve A shows the 
distribution for the minimum consecu- 


record 


gage 


Tittabawassee River Drought Flows in cfs Midland Gage Adjusted for Diversions: 


Summer-Fall Season with Date of Occurrence: Drainage Area 2,400 sq miles 


Yai 7-Da 
Year| Daily) Dat Day 


vg Avg 


1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 | 
1948 | 
1949 | 
1950 | 
1951 | 
1952 | 
1953 | 
1954 
1955 


262 


193 


July 19 |} 304 
July 20 | 227 
Sept. 23) 303 
Aug. 6 238 
Aug. 2 382 
Sept 148 
303 


Aug. 
Aug 316 
July 286 
Aug 272 


July 272 
261 
360 
361 
147 
346 
341 
344 


Aug. 2 
Aug 
July 
Sept. 
Aug. 
Aug. 24 


30-95 
21-8/2 
21-8/27 


— | Month 


Monthly 
Avg 


| July 
July 
July 
Aug. 
| Aug. 
Sept. 
Aug. 
Aug. 
Aug. 
Aug. 
Sept. 
| Aug. 
Aug. 
| Aug. 
| Oct. 
Sept. 
| Aug. 
| Aug. 
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te te 
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FIGURE 12.—Drought flow probability for summer to fall period 
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(May—October), based on Midland, Mich., gage records from 1936-1956 


and adjusted for diversion by Dow 
Huron. 


tive 30-day 
Curve B, C, 
15.-. 


respectively. 


average drought flows; 
and D, the minimum con- 
and l-day average, 
From these probability 
distribution curves it is easy to obtain 
the drought severity for any proba- 
bility of occurrence, such as the most 
probable or the once in 5-, 10-, and 
20-yr frequency, summarized in 
Table III. 

As the period over which the dis- 
charge is averaged is shortened, drought 
severity inereases, as shown by the 
progressive decline in the distribution 
curves of Figure 12. From the stand- 
point of pollution and heat dissipation, 
consecutive low flow for a period equal 
to the time of passage through the 
critical reach of the stream is the sig- 


secutive 


as 


TABLE III. 


Chemical Co., and addition from Lake 


From these distribu- 


nificant interval. 
tions, the relation between severity and 


duration of the period over which 
drought discharge is averaged is de- 
veloped, as shown in Figure 13. This 
graph provides a concept of the entire 
drought flow structure expected at 
Midland during the summer-fall pe- 
riod, May through October, as an aver- 
age over any number of consecutive 
days from one to 30-days duration; 
Curve A is the most probable drought 
expected any year, and Curves B, C, 
and D droughts expected on the aver- 
age in the long run once in 5, 10, and 
20 yr, respectively. 

It should be mentioned that in some 
respects Figure 13 for the Tittaba- 
wassee River is atypical as the sharp 


Tittabawassee River Drought Severities Expected at Midland, Mich., 


Summer-Fall Season (May~-October) 


j Minimum Daily 


) t Seve 
Drought Severity Average (cfs) 


Most probable 274 
Once in 5 yr 219 
Once in 10 yr 197 
Once in 20 yr 177 


Minimum 7-Day 


Minimum 15-Day Minimum 30-Day 


| 
| 
Average (cfs) Average (cfs) Average (cfs) 
341 375 414 
271 306 338 
242 276 307 
217 ‘ 
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BASED ON MIDLAND GAGE RECORD 
1936-1956 ADJUSTED FOR 
DIVERSIONS 
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FIGURE 13.—Drought flow characteristics at Midland, Mich. 


decline in the curves to the minimum 
l-day average discharge reflects up- 
stream hydro power plant operation. 
In many natural streams the drought 
flow curves tend to approach straight 
lines. 


Variation in Water Tempera- 
ture Expected Under Na- 
tural Conditions 
The statistical nature of meteoro- 
logic change induces a dynamic rather 
than an equilibrium state. Water lags 
behind meteorologic change, but con- 
stantly the shift is toward equilibrium 


temperature. <A stable condition for 
a month would result in temperatures 
closely approaching equilibrium. In 
shallow streams and ponds, deviations 
from the general seasonal temperature 
trends can be expected with diurnal 
cycles. A sustained meteorologie con- 
dition for a period of a week may 
induce 3 to 5°F temporary devia- 
tion from the general seasonal trend. 
Hence, interpretation of observed or 
computed water temperatures should 
be made in light of the actual dynamics 
of the situation with due regard to 
possibilities of short-term deviations. 
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Expected Seasonal Pattern of 
Water Temperature 


Since few long-term records of ob- 
served water temperature are avail- 
able from which probability analyses 
of variation can be determined di- 
rectly, it is usually necessary to de- 
velop the seasonal pattern from com- 
puted equilibrium values employing 
Equation 8. Ideally, equilibrium water 
temperature should be computed for 
each month over the period of years 
for which there are available simul- 
taneous records of air temperature, 
wind velocity, vapor pressure, and 


solar radiation. However, the short 
record of solar radiation available for 
most areas limits this approach. Also, 
not all situations warrant the exten- 
sive computations entailed in comput- 
ing water temperatures on a monthly 
basis. 

A review of the observed patterns 
of occurrence of meteorologie factors 
suggests a compromise approach in 
developing the expected seasonal water 
temperature pattern, retaining the con- 
cepts of probability. The most proba- 
ble equilibrium water temperature ex- 
pected is computed from the most 


CURVE A - MOST PROBABLE MONTHLY AVERAGE. 


— RANGE WITHIN WHICH MONTHLY AVERAGE CAN BE EXPECTED FOR 80% OF YEARS 


(€) WATER TEMPERATURE °F 


(E) WATER TEMPERATURE °F 


COVER 


MAX. RANGE BASEO ON COMPUTED MONTHLY 
MEAN AVERAGES FOR THE PERIOO FOR WHICH SOLAR 
in, RADIATION RECORDS ARE AVAILABLE 1943-57. 


20 


J A s ° o 


FIGURE 14.—Expected seasonal pattern of monthly average water 


temperature in lower Tittabawassee 
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FIGURE 15-6 
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probable values of air temperature, 
wind velocity, vapor pressure, and 
solar radiation taken from Curves A 
of the respective seasonal patterns. 


The range within which equilibrium 
water temperature is expected to fall 
for 80 per cent of the years is com- 
puted for the upper limit on the eom- 
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FIGURE 15.—Meteorological seasonal patterns, based on records at Shreveport, La. 
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bination of once in 10-yr high air tem- 
perature, vapor pressure, and solar 
radiation, with the once in 10-yr low 
wind velocity; and for the lower limit 
from the combination of once in 10-yr 
low air temperature, vapor pressure, 
and solar radiation, with once in 10-yr 
high wind velocity. 
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Equilibrium Water Temperature, 
Vicinity Midland, Mich. 


Kigure 14 shows the seasonal pat- 
tern of equilibrium water temperature 
as monthly average based on this com- 
promise approach, applied to the Tit- 
tabawassee River in the vicinity of Mid- 
land, Mich. Curve A, the most prob- 
able, may be taken as representative of 
normal, natural, seasonal water tem- 
perature expected, and the shaded belt, 
the 80-per cent confidence range. 

As a verification of this approach, 
individual monthly equilibrium water 
temperatures were computed for the 
l4-yr period for which simultaneous 
meteorologie observations were avail- 
able at the East Lansing, Mich., 
Weather Bureau station, 1943-1956. 
The results of these computations are 


also shown in Figure 14, the mean 


——— CURVE A 


SURFACE WATER 411 
designated as solid circles and the max- 
imum and minimum open cireles. 
There is close agreement between the 
14 yearly means and the most prob- 
able, Curve A; also the minima and 
maxima of the 14-yr record fall reason- 
ably within the 80-per cent confidence 
range. 


as 


Equilibrium Water Temperature, 
Vicinity Shreveport, La. 


In connection with studies for a 
wastewater storage and cooling pond, 
equilibrium water temperatures ex- 
pected were computed in a similar 
manner, with heat loss coefficients ap- 
propriate to the local site. Figure 15 
shows the results of the statistical 
analyses of the meteorologic records at 
the Shreveport, La., U. S. Weather 
Bureau station (located approximately 
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FIGURE 16.—Expected seasonal pattern of equilibrium water tempera- 
ture at Shreveport, La. 
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FIGURE 17.—Expected water temperature profile through cooling pond. 


40 miles from the basin site 


seasonal 


, Curves 
and D giving the expected 
pattern of 
wind velocity, air temperature, and 
solar radiation, respectively. 


vapor pressure, 

Figure 
16 represents the seasonal pattern of 
natural equilibrium water temperature 
expected, computed from the basie me- 
teorologie 


in accordanee with 


the procedure suggested above. 


factors 


Comparison of Computed and 
Observed Conditions 
Wastewater Storage and Cooling 
Pond 
Following the operation of the waste- 
water a pond, a 
weather station was erected at the site 


lagoon as cooling 


supplying daily records of three of the 
meteorologic factors, air temperature, 
wind velocity, and vapor pressure. 
Monthly averages of these local meas- 
urements are shown in Figure 15 for 
the computed ex- 
pected seasonal patterns based on the 
official Weather Bureau at 
Shreveport. With the exception of the 
September 1955 wind velocity, the ob- 
served data at the pond fit well within 
the expected seasonal pattern based on 
Shreveport. With due regard to topo- 
graphie conditions, it appears that use 
of long-term data at 
nearby official Bureau sta- 


comparison with 


records 


meteorologice 
Weather 
tions is warranted. 

Also, following operation of the la- 
goon as a cooling pond, temperatures 
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of the return water for reuse were 
taken daily at the return intake, af- 
fording a direct comparison with com- 
puted cooling temperatures. Figure 
17 shows the computed temperature 
profiles expected through the cooling 
pond from the inlet of the hot waste- 
water to the outlet for the return. 
The wastewater inflow averages 25,000 
gpm at 120°F. For the month of July, 
the height of the warm weather season, 
Curve A represents the most probable 
temperature profile; the shaded band 
about Curve A represents the 80-per 
cent confidence range. During this 
season, with stage of the lagoon high, 
excess surface area is available and 
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water temperature at the outlet ap- 
proaches the equilibrium temperature, 
which for the most probable meteoro- 
logic conditions is 89°F and for the 
80-per cent range is 85 to 93°F. Curve 
B represents the most probable tem- 
perature profile and the 80-per cent 
range for cool weather conditions in 
March, a season when the lagoon is at 
low stage and surface area is limited. 
For the most probable meteorologic 
conditions the cooling limit is 67°F, 
which is 5°F above the equilibrium 
level. The limiting cooling tempera- 
ture range expected for 80-per cent of 
the years is 61.5 to 72.5°F. 

From such computed temperature 
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FIGURE 18.—Comparison of computed and observed monthly average 
temperature at cooling pond outlet. 
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profiles, Figure 15 coustructed 
showing the expected seasonal pattern 


of water 


was 
temperature of the return 
wastewater, Curve A the most probable 
and the shaded band, the 80-per cent 
range. On this graph are also shown 
water 
temperatures of the return water re- 
corded after the pond was placed in 
operation. They are in close agree- 
ment with the computed temperatures. 


the monthly average observed 


Tittabawassee River Temperature 
Profile 


For a verification of a computed 
river temperature profile it is essential 
that meteorologic and hydrologic con- 
ditions remain relatively stable for a 
reasonable period preceding and dur- 
ing the period of the river temperature 
survey. Likewise, the introduced heat 
load inducing the temperature profile 
should be and 
ably stable for the same period. 


known remain reason- 

Sueh 
conditions were met for the survey on 
the Tittabawassee River, September 
9-18, 1958. The prevailing meteoro- 
logic conditions as reflected at the East 
Lansing Weather Bureau station were 
as follows: 


61.5°F 

10.3 mph 
0.3865 in. Hg 
Btu/sq ft 


Air temperature (7', 
Wind velocity 
Vapor pressure 
Solar radiation (/, 


From these data, the equilibrium water 
temperature above the introduced heat 
load, by Equation 8, is computed as 
63.7°F. The 
(eorreeted for diversions) 
of heat load 
only minor 
the course. 


runott 
at the point 
394 efs, with 
added along 
Channel characteristies for 


measured stream 


averaged 
increments 


this runoff were available from detailed 
5OO-ft in- 


Based on 


cross-section sounding at 


tervals alone the course. 
and heat 
load of 1.312 billion Btu/hr, the river 


temperature profile computed by Equa- 


these conditions prevailing 


Figure 
19. Curve A shows that the heat load 


tion 15 is shown as Curve A, 
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induces a temperature rise from 63.7 
to 78.5°F which is followed by a 
rather rapid heat dissipation with 
temperature declining to 72.5°F at 
Mile 19.24 and to 64.5°F at the mouth, 
approaching again the equilibrium 
temperature within 0.8°F. The limited 
observed temperature measurements 
designated in Figure 19 are in reason- 
able agreement with the computed tem- 
perature profile along the lower reach ; 
likewise, the observed river water 
Mile 24.2 above the 
point of heat load are in reasonable 
agreement with the computed equi- 
librium water temperature, 63.7°F. 
Recognizing the sensitivity and dy- 
namic character of the temperature 
profile, these verifications warrant em- 
ployment of the basic equations in 
forecasting water temperature 
profiles expected under other natural 
or regulated flows heat 


temperatures at 


river 
stream and 


loadings. 


Forecast of River Temperature 
Profiles Under Drought 
and Regulated Runoff 


The critical condition with respect 
to temperature rise from heat load is 
coineidenece of drought 
and meteorologic unfavor- 
able to heat dissipation. As an il- 
lustration of the influence of drought 
stream flow and the value of regulated 
runoff in mitigating heat effect, Fig- 
ure 20 shows forecasts developed for 
the Tittabawassee River. As indicated 


stream flow 


condition 


in Table Il, severe drought stream 
flow occurs most frequently in late 
August or early September. Referring 


to Figure 14, the equilibrium water 
temperature for this period as a most 
probable value is 73°F, and onee in 
10 yr may be expected to reach 77°F 
as a monthly average. 

Curve A, Figure 20, represents the 
river temperature profile forecast for 
a combination of meteorologic econdi- 
tions and drought flow severities ex- 
pected on the average in the long run 
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onee in 10 yr 
load of 1.626 billion Btu/hr. 
load introduced at Mile 23 raises the 


river water to 43.1°C. The heat is 
rapidly dissipated at practically a 
logarithmic rate, producing a sharp 
decline in river water temperature. At 
the low runoff of 222 efs, time of pas- 
sage and opportunity for heat loss are 


RIVER MILES ABOVE MOUTH 


FIGURE 19.—Comparison of computed and observed river temperature 
profiles below Midland, Mich., on the Tittabawassee River. 


longer than at high runoff, practically 
the entire heat load is dissipated and 
the water restored to equilibrium tem- 
perature in the 23 miles to the mouth 
of the river. 

Curves B and C of Figure 20 repre- 
sent river temperature profiles ex- 
pected under the same conditions as 
Curve A, except that it is assumed the 
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FIGURE 20.—Computed river water temperature profiles below Mid- 


land, Mich., in the Tittabawassee River (heat load 4,52 x 10° Btu/sec; 


E = 25°C; W = 3.8 mph). 
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stream flow can be increased by regu- 
lation to 382 and 600 efs, respectively. 
The effect of the increased stream 
flow on the temperature profile is pro- 
nounced, with much less initial tem- 
perature rise and a flatter profile. 
However, the shorter time of passage 
at higher stream flow results in raising 
the profile at the downstream end, re- 
quiring a longer reach of river to ap- 
proach equilibrium temperature. 


Conclusions 


With a rational method for fore- 
casting expected water temperature 
conditions, based on probability of oe- 
currence of the controlling meteoro- 
logic and hydrologic variables, it is 
possible to evaluate temperature ef- 
fects before construction of facilities. 
This provides an advance in stream 
sanitation evaluation dealing with an 
increasing variety of waste heat prob- 


References 


416 JOURNAL WPCF April 1960 


lems, including site selection for in- 
dustries and steam power plants. 
However, it should be cautioned that 
while there is recourse to mathematical 
and _ statistical procedures, these are 
simply tools, not substitutes for pro- 
fessional judgment. 
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OPERATING EXPERIENCES AT CAMDEN * 


By VINCENT P. 


3RUNICK 


Assistant Supe rintendent of Sewage, Camde n, N. J. 


Camden, N. J., situated on the east 
bank of the Delaware River directly 
opposite Philadelphia, Pa., is an in- 
dustrial city. Wastes contributed by 
industry are equivalent to the sani- 
tary sewage from a population of over 
350,000, or more than two and one- 
half times the population of the city. 
About 3800 manufacturing concerns, 
largely devoted to non-metallic prod- 
ucts such as food processing, tanning, 
wool scouring, gas manufacturing, soap 
making, oil processing, dairies, and 
dye and chemical works, discharge 
wastes into the municipal sewerage 
system. The system consists of 164 
miles of combined sewers and 11 miles 
of force mains and intercepting sew- 
ers. The north section of the city is 
served by the Baldwin Run sewage 
treatment plant, with a design flow 
of 3.9 mgd. It receives only a mod- 
erate loading of industrial wastes. The 
great bulk of wastes is treated at the 
Main sewage treatment plant. 


Plant Description 


The Main treatment plant provides 
primary treatment; raw sludge is 
chemically conditioned, dewatered on 
vacuum filters, flash dried, and in- 
cinerated. Treatment devices, in gen- 
eral, were designed to handle a mean 


* Presented at the 32nd Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Dallas, Tex.; Oct, 12-15, 1959. 
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of 53 mgd and a maximum flow 
of 86.7 mgd. All plant conduits were 
designed to carry a maximum of 105 
mgd—the capacity of the intercepting 
sewer. The 1960 average was esti- 
mated to be 46.3 mgd, but the present 
weekday flow is only about one-half 
this amount. 

Because of the relatively level 
topography of the municipal area, the 
invert of the plant influent sewer is 
approximately 20 ft below ground 
level. There are two mechanically 
cleaned trash racks at the entrance 
to the wet well. Each unit has 3-in. 


flow 


clear openings between bars and each 
is rated at 53 mgd. Four synchronous 
motor driven pumps are provided, each 
rated at 30 mgd at a TDH of 48 ft. 
Three of the pumps are equipped with 
variable-speed drives automatically 
controlled by the liquid level in the 
pump well. Sewage is pumped from 
the wet well to two 35-ft square 
detritors located on the second floor 
of the service building. After removal 
of grit, sewage passes through 36-in. 
diam comminutors to an overhead eon- 
duit which leads to the settling tanks. 
There are eight settling tanks; each is 
50 ft wide, 186 ft long, and 10 ft 
deep. Design detention time is 150 
min and the overflow rate is 710 gpd 
sq ft. Settled sewage is metered and 
discharged to the Delaware River. 
Primary treatment devices are above 
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ground because provisions were in- 
corporated in the design for the fu- 
ture addition of high-rate trickling 
filters. 

Startup 


Startup was normal for a sewage 
treatment plant with inexperienced 
help, e.g.: Shear-pin breakage was ex- 
cessive on trash racks, and on sludge 
and seum collectors; cables were 
snapped on a trash rack because of 
faulty replacement of a shear pin; a 
valve at the sludge storage tanks was 
opened by mistake during the night 
shift, returning stored sludge to the 
main pump well; a third main pump 
was left on automatic control while 
only one detritor was in service and 
during a storm flow the third pump 
started up before the second detritor 
was opened, causing the first detritor 
to overflow ; piping in a sludge storage 
tank collapsed and was replaced by the 
contractor when investigation disclosed 
faulty construction; a gear motor on 
the sedimentation tanks burned _be- 
cause of faulty alignment. 

Since the initial breaking-in period, 
little trouble has been experienced in 
the primary treatment devices. Opera- 
tion, nevertheless, has been compli- 
cated by the hydraulic underloading 
of the plant, the types of industrial 
wastes, and those problems inherent 
to the physical layout of the plant. 


Strength and Quantity of Sewage 


When the treatment plant was 
placed in operation, approximately 
one-third of the sewage of the city 
was, and still is, discharged untreated. 
On the other hand, the wastewater 
reaching the plant contains most of 


the city’s industrial wastes. As a re- 
sult, the sewage treated is high in 
suspended solids and BOD. Another 


factor which has an effect on the 
strength of the sewage is the capital 
improvement program instituted by 
the water department. Only about 22 
per cent of the properties were metered 
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for water at the time the plant began 
operation. At nearly the same date, 
though, the city started a program to 
meter all properties and at the same 
time increased the water rates. Water 
users, faced with increased water bills, 
conserved water. 

Since a large portion of the flow 
is from industry, the peak loads are 
from about 9:00 am to 6:00 pM, Mon- 
day through Friday. During week 
ends the dry weather flow sometimes 
makes it necessary to raise the liquid 
level in the pump well by surcharging 
the intercepting sewer, and to pump 
at minimum speed on manual control 
to prevent frequent stop-start opera- 
tion of the 300-hp synchronous motor 
with its variable speed drive. On the 
other hand, a rain storm can cause the 
rate of flow to change from 15 to 86 
mgd (the present settings of the regu- 
lators) in 90 min or less. When this 
happens, a large quantity of grit and 
screenings reach the plant taxing the 
trash racks, detritors, and grit ejee- 
tors. 

The first effect of plant underload- 
ing was felt in the main pump well 
and pumps. Settling of solids in the 
pump well made it necessary to back- 
flush the suctions of standby pumps 
before putting them in service during 
storm flows. After nine months of 
operation, the pump well was cleaned 
and a program was begun to pump 
down each well and back-flush each 
pump twice weekly. 

Krom the pump well the sewage is 
lifted to the detritors. Here, because 
of the low flow and the relatively high 
specific gravity of the cannery wastes, 
the grit and large quantities of Cali- 
fornia pea beans, corn, carrots, po- 
tatoes, onion skins, and tomato seeds 
and pulp settle out. On an annual 
basis, this so-called grit amounts to 
6.5 cu ft/mil gal of sewage treated, 
but it reaches the plant in shock loads 
of up to 240 eu ft/day during storm 
flows and during the twice-weekly 
pump-downs of the wet well. 
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Of the eight settling tanks provided, 
only three or four are used, depending 
on the flow. The concentration of sus- 
pended solids in the plant influent is 
over 400 mg/l; the average removal is 
75 per cent. Weekly flushing of the 
inlet channel is necessary to prevent 
deposits, even though it is aerated. 
Preservation of equipment in the un- 
used tanks has been a major task for 
the maintenance force. 


Sludge Handling 


While most of the difficulties in the 
sewage treatment section of the plant 
have been due to underloading, those 
problems in the sludge disposal section 
of the plant have been caused by too 
much sludge—or rather to the inability 
to get rid of the accumulated sludge. 

The two tanks are 
equipped with floating covers, super- 
natant take-offs, and the heating and 
control devices usually found in stand- 
ard digestion tanks. Each tank is 70 
ft in diameter with a side wall depth 
of 26 ft making the tank capacity 
100,000 cu ft. At design flow, they 
provide storage for about six days, or 
they could provide digestion for about 
20 per cent of the sludge if it would 
filter a mixture of 
raw and digested sludge. 

From the storage tanks, sludge is 
pumped to a sludge well at the sludge 
disposal building. From the well, it is 
lifted by three bucket elevators to 
three mix tanks where ferric chloride 
and slaked lime are added. The speeds 
of the bucket elevators, ferric chloride 
pumps, and lime slakers are controlled 
by the sludge level in the mix tanks. 
From the mix tanks, conditioned 
sludge flows by gravity to any of six 
8-ft by 10-ft filters. Filter 
cake is routed by conveyor belts to 
either the both in- 
cinerators. Each incinerator is de- 
signed to flash dry and burn filter cake 
(having a moisture content of 70 per 
cent and a heat value of 5,200 Btu/Ib) 
at a rate of 10,000 lb/hr. 


sludge storage 


seem advisable to 


vacuum 


one or other or 
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Contract specifications provided that 
both the filter and the 
manufacturer furnish 30 

struction to operating — personnel. 
During this time the manufacturers 
also were to make the necessary adjust- 
ments to their equipment. 


incinerator 
days’ in- 


Immedi- 
ately following the training period, a 
40-day acceptance test was to be run 
on each of the incinerator units. But 
it was not until 5 months later that 
the first tests were attempted and not 
until 14 months after startup that the 
tests were completed. During this pe- 
riod it difficult to maintain a 
steady flow of filter cake to the in- 
cinerators. Contrariwise, during good 
filter runs it often necessary to 
stop for awhile to make adjustments to 
the incinerators. Stratification in both 
the sludge storage tanks and the sludge 
well of the filter produced at times 
sludge either too thick or too thin to 
filter easily. 


Was 


was 


Dewatering and Incineration 


For a prolonged period, the concen- 
tration of hair in the sludge eaused 
the cake to come off the filter drums 
in the form of a ‘‘felt’’ mat, 54 to 7% in. 
thick and 8 ft wide. This mat folded 
over times on the con- 
veyor belt before it broke loose from 


itself several 


the filter. The filter-eake breaker 
could not smooth out belt loadings 
such as these. The load on the in- 


einerators fluctuated from a 25-per 
cent load to a 100-per cent overload 
in a matter of minutes. The hair, when 
it entered the flash drying system, had 
a tendency to remain suspended in the 
eyelone until enough would accumu- 
late to plug the air-lock causing an 
emergency shutdown. Also during this 
period, material in the sludge was 
causing excessive wear to equipment, 
dangerous buildups of grease in the 
drying system, and frequent plugging 
of the eage mill. 

A great deal of time, labor, and 
money were expended with varying de- 
gcrees of investigation 


suecess before 


: 
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showed that the sludge, accepted as 
normal for the plant, was in fact 
abnormal. ‘The three main causes 
were: (a) the holding of the sludge 
for months until a sufficient amount 
was accumulated to start filtration 
and incineration; (b) the shock loads 
of various industrial wastes which 
reached the plant during startup as 
main sewers were diverted to the plant 
one by one; and (c) the seasonal vari- 
ation in the industrial wastes reaching 
the plant. 

A determined effort was made to 
get rid of this type of sludge, regard- 
less of operating efficiencies. If four 
or five filters were needed to load an 
incinerator they were used. If an in- 
cinerator balanced out at 60- or 70- 
per cent load, it was operated at this 
load. As the characteristics of the 
sludge changed, emergency shutdowns 
became less frequent and of shorter 
duration, and filter runs were in- 
creased from 8 to 12 hr and finally, in 
the fall of 1957 (about 17 mo after 
startup), to two full shifts per day. 


Sludge Storage 


Raw sludge is pumped from the set- 
tling tanks to the sludge storage tanks 
during the day and afternoon shifts. 
The next morning, about 5:00 am, the 
midnight shift starts to remove the 
supernatant, and this continues on the 
day shift until solids appear at the 
sampling manhole. 

Experience has indicated that di- 
gester-type tanks are not ideal for 
storing raw sludge. It was evidently 
presumed that the raw sludge would 
settle and concentrate at the bottom 
of the tanks; instead, the sludge strati- 
fies on standing. Decanting of super- 
natant is usually difficult and some- 
times impossible. Bottom sludge is 
often too watery to filter and too heavy 
to return to the plant influent and 
must be pumped to the other storage 
tank until a heavier layer reaches the 
bottom. Many times the sludge at a 
supernatant withdrawal line is ideal to 
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send to the filters, but this cannot be 
done because of the present piping ar- 
rangement. Recirculation and tipping 
of tank contents do little except re- 
arrange the sludge layers. Changes in 
the piping could eliminate many of 
these headaches, but, at the present 
time, pumping-station and sewer proj- 
ects have priority over this needed 
major alteration. 

Tanks have been operated in series 
and in parallel. For the last six 
months of 1958 and the first three 
months of 1959, sludge was pumped 
to sludge storage tank No. 1 through 
the high inlet. All possible super- 
natant was decanted and sludge was 
transferred from the bottom of tank 
No. 1 to tank No. 2. Additional super- 
natant was removed and the sludge 
was then pumped to the filter well. 
This arrangement worked fine until 
the solids in the sludge slowly and 
steadily decreased. An inventory of 
tank contents revealed a buildup of 
sludge averaging 11l-per cent solids in 
the upper third of tank No. 1. At 
the present time, sludge is pumped 
to one tank for seven days while sludge 
in the other tank is sent to the filter 
sludge well. Sludge is pumped to 
the filter sludge well every three hours 
during filter runs because it will 
stratify again if allowed to stand for 
too long a period. 


Filter Yields 


The major item affecting sludge dis- 
posal at Camden is the characteristics 
of the sludge. This item is followed 
in importance by solids concentration 
and chemical conditioning. Filtration 
rates are highest during the tomato 
canning season, when filtration rates 
of from 4.2 to 5.0 psf/hr (dry solids) 
are obtained; the yearly average is 
2.8 psf/hr. Moisture in the filter cake 
drops from a yearly average of 71 per 
cent to about 66 or 67 per cent, and 
solids in the sludge increase from a 
yearly average of 6.5 per cent to 9 
per cent or more. The heat value of the 
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cake increases from an average of 
3,400 Btu/lb to a high of 5,000. For 
this reason, the incinerator’s load is de- 
termined not by the weight of the 
filter eake but by the temperatures in 
the critical areas. 

On the opposite end of the seale is 
that sludge encountered, usually after 
storm flows, which, regardless of the 
per cent of solids, produces a very 
thin cake which is low in heat 
and quickly blinds cloths. 

Slugs of hair which 
the storage tanks cause the cake to 
be thick and easy to filter, but the de- 
watered cake has a tendency to crack 
during the drying cycle and as a result 
its moisture content approaches 75 per 
cent. 

Best filtration yields are obtained 
with a sludge having about 5 per cent 
solids. As the content ap- 
proaches 10 per cent, plugging of the 
lines between the 


value 


accumulate in 


solids 


mix tanks and filter 
troughs occurs. Solids concentrations 
below 6 per cent produce a very thin 
cake and require more chemicals for 
conditioning 


Control Test 


As previously stated, speeds of the 
bucket elevators, ferric chloride pumps, 
and lime 
the levels in the 


slakers are controlled by 
tanks ; 


the levels in the mix tanks are deter- 


chemical mix 
mined by the number of elevators and 
filters in operation. Thus the deten- 
tion time in the mix tanks also varies. 
These variables all affect 
conditioning to some degree. 

During and for many 
months afterward, chemical condition- 


chemical 
Startup 


ing of the sludge was a major problem 


and operational control was poor. 


Ferrie chloride and lime dosages were 
calculated 


(1). 


formulas 
Data, however, could not be ob- 


using Genter’s 


tained fast enough from the laboratory 
when 


sludge concentrations were 


changing rapidly or when one or more 


filters were failing Needed was a 
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relatively simple test for conditioned 
sludge which could be run hourly by 
the filter operator to find out whether 
more or chloride or lime 
was needed, whether a ferric chloride 


less ferric 
feeder or lime slaker was metering as 
set, or whether a blanket was blinding. 
In other words, a control test 
sought which would give the operator 
advance 


was 


warning of an 
drop in the filtration rate. 

Buchner funnel 
the conditioned 


impending 


tests were run on 
during good, 
bad, and indifferent filter runs and it 
was discovered that during good filter 
runs the funnel break-time and the 
pH of the funnel filtrate were within 
certain definite limits. As a_ result, 
the following test procedure was set 
up at the filter platform: 200 ml of 
the conditioned sludge is poured into 
a 90-ml Buchner funnel and a closed- 
system vacuum of 20 in. mercury is 
applied. For suitable dewatering, the 
vacuum break-time will be between 90 
and 120 see and the pH will be about 
11. This test is run hourly on mix 
tanks in service and if, during a filter 
run, the break-time inereases and the 


sludge 


pli decreases, the lime slaker is im- 
mediately checked for proper meter- 
ing. If the pH is high, the 
chloride pump is checked. 
this test 
to be 


ferric 
Many times 
has allowed corrective action 
blinding of the 


taken before 


¢loths has occurred. 


Conclusions 


Although operating problems caused 
by the have been 
many, they are being reduced grad- 


industrial wastes 
ually. Some operating procedures once 
regarded as unusual are now accepted 
as routine; others, such as the improve- 
ment in handling of 
must await 
structures. 


stored sludge, 


alterations existing 

The completion of construction of 
interceptor sewers with the resulting 
increase of flow of 


mostly sanitary 


sewage is expected to further elimi- 


: 
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nate some of the troubles now encoun- 
tered. 
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The practice of using curved align- 
ment for sanitary has 
found quite acceptable by 
agencies in Southern California. 

The primary purpose of curved 
sewer alignment from an engineering 
standpoint is economy of construction. 
It euts down the length of sewer and 
the number of manholes. For ex- 
ample, for a 90-deg bend which ordi- 
narily would be made at a manhole, 
a 100-ft radius curve would save 43 
ft of pipe, and possibly the manhole. 

A secondary purpose, especially on 
the large sewers, is to improve hy- 
draulic characteristics and eliminate 
turbulence at manholes. 

There are no apparent difficulties 
in the maintenance of curved sewers. 
With modern cleaning equipment they 
ean be easily cleaned. Maintenance 
men, with whom this matter has been 
discussed, have no objection to eurved 
sewers if proper criteria of design 
and construction are adhered to. The 
practice of looking through the sewers 
to see if they are obstructed is not 
really necessary. Determination of 
whether or not there is an obstruction 
between two manholes usually can be 
made by observation of the relative 
depths in the manholes. If the depth 
of sewage in the upstream manhole is 


sewers been 


many 


* Presented at the 31st 
California 


Annual Conference, 
Tndustrial Wastes 


sewage and 


Assn.; Long Beach, Calif.; Apr. 29-May 2, 
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appreciably greater than that in the 
downstream manhole, there is generally 
an obstruction in the sewer. 

The radius of curvature should be 
no less than 100 ft. On sewers 15 in. 
in diameter or smaller, square-end pipe 
can be used on a 100-ft radius without 
excessive pulling of joints. On pipe 
larger than 15 in., beveled pipe must 
be used in order to obtain good joints 
on a 100-ft radius; if beveled pipe is 
not. used, the radius should be in- 
creased sufficiently to keep the joint 
opening within acceptable limits. Pipe 
joints should be made carefully and 
inspected with particular attention 
paid to the pointing and wiping of the 
inside joints to make sure no mortar 
fins or irregularities are left in the pipe. 

There should be no more than one 
curve, either horizontal or vertical, 
between any two manholes. Manholes 
should be placed, if possible, at the 
beginning and end of the curve. If 
these criteria are followed, there should 
be no trouble in maintaining curved 
sewers. 

The city of Burbank has in use 
about 8,000 ft of curved sewers in 
30 separate installations. The grades 
of these sewers vary from very flat to 
very steep, and the diameters vary 
from 8 to 30 in. During the approxi- 
mately 514 yr that curved sewers have 
been used, there has been not one stop- 
page nor any unusual maintenance 
difficulty caused by the curves. 
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AIR POLLUTION CONTROL IN SEWAGE 
TREATMENT PLANTS * 


By aNp CLEMENT A. VaTH 


Professor of Sanitary Engineering and Research Assistant, De partment of Civil and Sanitary 


Engineering, Massachusetts Institute of Technology, Cambridge 


Air pollution control has become a 
problem of increasing importance to 
many treatment plant 
erators as metropolitan areas have 
expanded and virtually surrounded 
plants which were originally in isolated 


areas. 


sewave op- 


Newspapers and popular maga- 
the detri- 
pollution on 
Publie awareness of air pollu- 


zines have been stressing 
mental 
health. 
tion. has led to a growing intolerance 
of the cleaning up the 
streams at the expense of polluting 
the atmosphere. 


effects of air 


paradox of 


The Problem 


Odors constitute the principal air 
contamination 
treatment 


problem at sew- 
plants. con- 
tains microbiological organisms, organic 
foods, and This 
combination is advantage in 
treatment utilizing biological 
processes such as trickling filters, ac- 
tivated sludge, and digesters. These 
are controlled biochemical reactions 
which should not lead to significant 
odors under efficient plant operation, 
provided no odorous industrial wastes 
are present. 

But biological degradation can take 
place in the sewer systems and at the 
head end of treatment plants where 
oxidizing agents such as air or chlorine 
are not added. Exhaustion of dis- 
solved oxygen in sewers leads to anaero- 


many 
age Sewage 
nutrients. 

used to 
plants 


mineral 


bie fermentation in the acid stage to 
produce such obnoxious products as in- 
dole, skatole, cadavarine, mereaptans, 
amines, and sulfides. In a digester 
these are broken under 


* Presented at the 32nd Annual Meeting, 
Federation of Sewage and Industrial Wastes 
Assns.; Dallas, Tex.; Oct. 12-15, 1959. 


down con- 


, Mass. 
trolled conditions. Any odorous gases 
oxidized to 
flat 


are collected and burned 


innocuous end-products. Long, 


sewers flowing full, or nearly so, earry- 


ing strong sewage in regions with high 
contribute the greatest 
particularly where 


temperatures 
problems, open 
manholes exist, or at the sewage pump- 
the anaerobic sew- 
age is first exposed to the air. 


ing station where 

Many other conditions ean give rise 
to odors beside the odor of ineoming 
In manually cleaned grit 
chambers, accumulation of excess grit 
containing organic matter is a common 
source of odors, as is the exposure of 
collected rit, 
Anaerobic conditions ean arise in any 
unit of a treatment plant if not prop- 
erly designed or operated. 

Sludge is odors, 
particularly if drawn to drying beds 
before is complete. These 
odors difficult to unless 
drying is fast and rainfall does not 
oceur. The earthy, tarry odor of well- 
digested sludge is not generally con- 


sewage. 


screenings, or grease. 


also a souree of 
digestion 


are eontrol 


sidered to be a problem. 

Incineration or mechanical drying 
of sludge has led to many an odor com- 
plaint, particularly the pungent odor 
of decomposed proteins when proper 
operating temperatures are not main- 
Dust 


sludge 


tained in the drying apparatus. 


is also a problem with 


drying equipment. 


some 


Corrective Measures 


Once the source of pollution has been 
located, two avenues of approach are 
available for the elimination or redue- 
tion of the problem. The source of 
pollution can either be prevented from 


occurring or its emission ean be con- 


9 
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trolled before it enters the atmosphere. 
Prevention entails the remedying of 
the condition which initially is the 
cause of the problem, whereas control 
seeks to reduce the amount of annoy- 
ing substances reaching the atmosphere. 
The method of attack employed de- 
pends largely on the nature of the 
problem, its severity, and economics 
(1) (2) (3) (4) (5) (6) (7) (8). 

The fundamentals of prevention are 
adequate, skillful, and thoughtful plant 
design, and continual good housekeep- 
ing once the plant has been put into 
operation. Where odors are the con- 
sequence of bacterial degradation of 
organic matter present in the sewage, 
prevention consists of modifying or 
terminating the degradation process. 
To these ends, oxidants such as chlo- 
rine, nitrates, or oxygen have been 
added to supply a chemical oxygen 
source to supplant the use of sulfates 
and organic sulfur compounds for the 
oxygen needed for stabilization. Iron 
salts have been employed to precipitate 
the obnoxious sulfur compounds from 
solution, although rather inefficiently. 
Bactericidal agents like chlorine and 
bacteriostatic agents like orthodichloro- 
benzene have been used in sewers to 
suppress troublesome areas. Tall oils 
and water sprays have been found ef- 
fective in controlling foam on aera- 
tion units and in so doing prevent the 
deposition of odor-producing grease 
along tank walls and walkways. Fur- 
thermore, many potential odor sources 
can be eliminated by keeping a clean, 
attractive plant. It has been appro- 
priately stated that 90 per cent of odor 
problems originate with the eye rather 
than the nose. 

With pump and 
erit chambers receiving septic or odor- 
advisable to 
enclose these units, install an induced 
draft fan to keep the housing under a 


stations, sereens, 


ous sewage it may be 


negative pressure, and then oxidize the 


Absorbers such as ac- 
silica gel could be 
used to remove the organies from the 


odorous gases. 


tivated carbon or 
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air stream. Oxidation by passing the 
gases through a furnace or catalytic 
combustion unit or oxidizing with ozone 
or hydrogen peroxide could also be 
utilized. 

Covering of settling tanks and oxi- 
dizing the exhaust gases have been 
practiced at many plants, notably at 
the Owls’ Head plant in New York 
City. Ozone is added to all of the 
gases drawn from the top of the set- 
tling tanks and other covered parts of 
the plant. This procedure had to be 
adopted in order to obtain approval for 
the use of this recreational area ad- 
jacent to good housing. Sarasota, Fla., 
has employed a plastic covering over a 
trickling filter. Many filters have con- 
crete domes which can be vented 
through an oxidizing medium. Even 
when aerobic, sewage does have a 
characteristic odor considered objee- 
tionable by many people. More coy- 
ered units will surely be in evidence 
in future designs. 

Odor modification may be a masking 
or counter-odor process. Many mask- 
ing agents have been used in the au- 
thors’ experience, including odors of 
pine woods, the streets of Paris, and 
some aromatics, as well as some of the 
more sophisticated and highly useful 
products now on the market. The ef- 
fectiveness of masking is based on the 
principle that when two odors are 
mixed, the stronger one will predomi- 


nate. It is hoped that the stronger 
one will be pleasant to all people. 
Odor counteractants are also being 


used, with varying degrees of success, 
depending so much on the relative re- 
actions of the olfactory nerves of the 
public. Attempts have even been 
made to spray substances into the air 
to deaden olfactory responses. Form- 
aldehyde will do this, but it is not a 
safe public health practice. It is far 
better engineering practice to control 
the odors at their source, or to collect 
odorous gases and oxidize or absorb 
them from the air stream. 

Dust control is a highly developed 


126 


art, widely practiced by all types of 
industries. Many sludge drying plants 
use cyclones as the sole method of dust 
control. These will remove only 
coarser solids (above 10 microns) 
Serubbers can remove sludge particles 
below a micron in size, while electro- 
static precipitators, as used in many 
power plants, will take out virtually all 
dust down to 0.01 Sludge 
dryers and incinerators have been de- 


micron. 


signed to operate successfully with air 
cleaning devices to cut down smoke and 
dust emissions. 


A Look at the Future 


Design engineers will be called on to 
provide more facilities for air pollution 
control at sewage treatment plants 
both new and old. These facilities will 
include covering and ventilating many 
of the structures in which sewage 
would otherwise be exposed to the at- 
mosphere. More advanced 
ing techniques will be 


air clean- 
provided the 
plant operator to control odorous gases 

such 
sorption catalytic 
oxidation and units—to 
make possible the efficient treatment of 
the collected 
eal feeding 


devices as gas absorbers, ad- 


beds, chemical or 
combustion 
Up-sewer chemi- 
stations for iron. salts, 
chlorine, or chlorinated hydrocarbons 
have been and will continue to be in- 
cluded in the design of inter- 
ceptor sewers in hot, flat country to 
reduce the odor of the sewage reach- 
ing the plant. 
wastes or 


Odorous industrial 
combinations of wastes 
which will create odors in sewers will 
be separated and treated at the in- 
dustrial plants. 

More attention will be paid by de- 
signers to sludge drying beds in plants 
near populated areas. It will not be 
necessary to use glass greenhouses to 
control the odors. new 
plastic covering, or other synthetic ma- 
terial can be designed to cover the bed 


Perhaps a 


while heated air flows over the surface 
of the wet sludge in the bed to ac- 
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ecomplish fast drying. 
containing 


The moist air 


odorous 


could 
unit for 
Then the plastic cover 
sludge with- 
drawal and the operation repeated. 
This would 


any 
through a 
odor control. 
could be 


fases 
pass combustion 


removed for 


make sludge beds more 
expensive—air pollution control costs 
money—and other means of sludge dis- 
posal may become more attractive eco- 
nomically. Vacuum filtration, sludge 
flotation by the Laboon process, and 
other methods yet 
either with or 


to be developed, 
without sludge drying 
or incineration, will all play a part in 
solving the air pollution problem for 
operators. More sophisticated dust 
control equipment will be employed in 
many plants, particularly air serub- 
bing with plant effluent, multiclones, 
filters, and electrostatic precipitators. 
There is a considerable amount of re- 
search yet to be improved 
methods of odor control in sewers and 
sewage treatment plants. 

With such well-engineered plants 
the operator will be in a better posi- 
tion to do a thorough job. As in the 
treatment of liquid wastes, the effi- 
ciency of the plant depends upon the 
diligence of the operator. 


done on 


Kor awhile 
he may be able to camouflage plant 
odors by strong masking agents or odor 
counteractants, but 
stitute for sound 


there is no sub- 
for air 
intelligent 
Then the operator will truly 
be in charge of 


engineering 
pollution control and op- 
eration. 
an entire wastes dis- 
posal system handling the air-borne, 
liquid, and solid wastes in such a man- 
ner that the resources of the environ- 
ment—air, water, and land—are pro- 
tected and preserved for the best use 
of the publie. 
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Maintenance records for lift stations 
and sewer mains are a necessity. Ree- 
ords can and should be clear and con- 
cise and, in most cases, quite simple. 
Usually the time needed to keep good 
records will not be more than 10 or 
15 min a day. The old idea that a 
foreman or superintendent can remem- 
ber the work that has been done should 
be rejected for all time. 


Sewer Main 


In Boulder, records are held to a 
minimum. Although, the time spent 
on keeping them is a little longer than 
hoped for, every minute is considered 
to be well spent. The rodding and 


bucket machine crews use a_ blank 
street-type record sheet on which is 
shown a diagram of the work area. 
Supplied in this diagram are the dis- 
tances between manholes, depth of 


manholes, condition of manholes and 
main, and any unusual conditions sur- 
rounding the area, such as large trees, 
low areas, and eulverts. These sheets 
are handed to the foreman at the end 
of the day. The foreman then makes 
out a daily work sheet (Figure 1) list- 
ing the the sketeh 
sheets turned in by the crews. Items 


information from 
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on the sheet cover the area or location 
(street and alley), employees on the 
job, man-hours, and the account num- 
bers to which the work should be 
charged. Similar information re- 
corded for the equipment and ma- 
terials used. 

Weekly, the superintendent and the 
foreman fill in permanent record cards 
on the sewer system which show: (a) 
the location, (b) the manhole numbers, 
(c) pipe size, (d) manhole depths, (e) 
distance between manholes, (f) their 
condition, (g) amount of  infiltra- 
tion, if any, and (h) condition of 
line at the time of maintenance. Listed 
on the back of these cards are the: (a) 
date of emergency call, (b) time of 
eall, (c) time erew reported to eall, 
(d) condition of line on arrival, (e) 
emergency remedy, and (f) perma- 
nent remedy recommended. 

Sewers cleaned in response to emer- 
gency calls are noted on the sewer 
map, and after three pins show up in 
the same section of main in one year, 
the main is repaired or replaced or 
trees, ete., are removed to remedy the 
problem. Narrow, colored tape is used 
on a sewer map for each year’s prog- 
ress in cleaning. This gives all eon- 
cerned a quick picture of the status 
of the maintenance work. Routine 
sewer cleaning is on a two-year cycle 


th 
an 
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CITY OF BOULDER, COLORADO 


| Sewer Maintenance Department 


Location: 


Account 


No. 


Men Used 


Hours 


Equipment Used 


| GENERAL REMARKS: 


This 
program has cut emergency calls by 
more than 80 per cent in the past three 
years. 


and trouble spots, twice a year. 


A monthly report is prepared and 
submitted to the Director of Public 
Works by the Superintendent of Sew- 
This report is then 
with monthly from other de- 
partment and the over-all re- 
port is submitted to the City Couneil 
through the City Manager. At the 
end of the year all the monthly re- 
ports are consolidated into an annual 
report. 


ers. combined 
reports 


heads 


These monthly and annual re- 


yorts are very helpful in preparing 
: pre} 


Date 


Material Used 


Distance between manholes 
Depth of manhole # 
Depth of manhole # 
Distance between manholes 
Depth of manhole # 
Depth of manhole # 
Distance between manholes 
Depth of manhole # 
Depth of manhole # 


budgets. Boulder uses a performance- 
type budget and the information from 
all records makes preperation and de- 


fense of budget requests much easier. 


Lift Stations 


At the present time two lift stations 
are in operation and two more are 
planned for the near future. Opera- 
tion is handled by the operators at the 
treatment plant as one of their duties. 
The the stations 
consist of a notebook with sheets earry- 
kw-hr 
used and cost, (b) greasing schedule, 
(c) motors, (d) 


records for present 


ing the following headings: (a) 


pumps, (e) flow, and 
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(f) buildings and grounds. 
consumption and cost are self explana- 


Power 


tory. Under greasing schedule, the 
dates of the last greasing and oil 
changes are shown, as well as the date 
of the next greasing and the type and 
quantities of oil and grease to be used. 
The motor and pump sheets show all 
the name plate data, dates of any 
repair, type of repair and maintenance, 
and the cost of same. Maintenance of 
buildings and grounds can become a 
large maintenance item, but paint and 
repairs are a must. 


The sewage treatment plant was put 
in operation late in October 1957. The 
plant has a grit chamber, Imhoff tank 
with 4 settling compartments, high- 
rate trickling filter with recirculation, 
final clarifier, and chlorinator. 

The plant was designed for a BOD 
loading of 1,440 lb/day, and the waste 
from the pickle canning industry was 
not to exceed 444 lb/day. The pickle 
waste is acid and its pH runs from 4.0 
to 6.0 most of the time. The plant in- 
fluent was slightly on the acid side and 
usually had a pH of from 6.0 to 6.5. 

The plant was put into service at the 
start of cold weather, and for this 
reason biological action in the diges- 
tion compartments was probably slow 
in developing. In the beginning of 
May 1958, the settling compartments 
started to turn black. This change 
continued as the weather and sewage 
became warmer; it was caused by the 
activity in the digestion compartment. 

* Presented at the 34th Annual Meeting of 
the Michigan Sewage and Industrial Wastes 
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Summary 


Records are necessary, but they need 
not be complicated. The extent of ree- 
ord keeping will be determined mostly 
by what is wanted from records and 
the dictates of the community. Ree- 
ords are valuable in planning pro- 
grams, defending law suits, and justi- 
fying budget requests. They supply 
fundamental data which, when prop- 
erly interpreted, form bases for deei- 
sions on equipment replacement and 
major repairs. 


Partially digested sludge was rising to 
the flow-through chambers and passing 
on to the trickling filter making a 
strong filter influent. Sometimes this 
influent had a much higher BOD than 
the plant influent. 


Loading 
Overload 


An examination of Table I shows the 
BOD load in the raw waste averaged 
2,144 lb/day when it should not have 
exceeded 1,440; the pickle company 
waste BOD load averaged 1,277 lb/ 
day and it should not have exceeded 
444. The design load for the filter was 
936 Ib/day (31 1b/1,000 eu ft), but the 
applied load was 2,144 lb/day (69 Ib 
/1,000 eu ft), the same as the influent. 
At these high loadings, filter efficiency 
was 56 per cent; the removal averaged 
38 1b/1,000 eu ft. 

Some volatile acids determinations 
were made on digesting sludge and 
they were high, but within common 
operating limits. The volatile content 
of total solids was about 40 to 45 per 
cent; the pH was 6.5. 

With this overload there were odor 


TABLE I. 


7/23 oO312 | 2815 1,110 
24 0.326 2,900 | 1,720 
25 0.348 | £030 | 1,660 
28 0.665 | 1,680 1,120 
29 0.600 | 1515 | 760 

8/ 4 0.604 | 2665 1,560 

5 0.765 2.560 1,890 
12* 0.925 1930 | 1,472 
13 0.749 9124 | 1,450 
14* 0.762 1520 | 1,132 
15* 0.768 2 040 1,410 
19* 0.760 1,395 170 
0.785 | 1,310 1,060 
26* 0.800 | 1540 | 1,060 
Avg | 0.655 2,144 1,277 


and corrosion problems and the growth 
on the trickling filter was not healthy. 


Normal Load 


During Sept. and Oct., 1958, the 
seasonal slowdown at the pickle plant 
greatly reduced the load on the treat- 
ment plant. Data in Table II 


the job that can be done when 


show 
the 


TABLE II.—Trickling Filter Performance 
during Normal Load 

: | BOD Applied | BOD Removed | 
Ib/1,000 ecu ft Ib/1,000 cu ft) | 
0.6 8.9 93 

2 15.6 13.9 oO 

3 16.6 14.8 So 

6 92 8.6 93 

7 10.9 10.1 
19.1 17.1 90 

9 10.3 7.8 75 

10 16.3 14.4 So 

13 26.2 22.2 | &5 

1.3 1.0 | 68 

15 79 6.9 | 87 


20 4.5 7.0 93 
21 10.4 0.6 92 
; 22 25.8 23.6 92 
20.6 17.4 
27 31.7 8.6 a0 
Avg 18.7 15.6 
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Trickling Filter Performance during Overload 


Date Flow taw Waste Pickle Waste BOD Applied BOD Removed Ef 

(1958) nad BOD BOD to Filter by Filter (%) 
| mg/l) (mg/l) (Ib/1,000 cu ft) (ib/1,000 eu ft) 


* Days of excessive digestion activity ; Imhoff tank effluent strength exceeded influent strength. 
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| | 


61 39 64 
57 33 58 
72 1) 56 
36 17 47 
14 33 74 
61 $3 70 
128 } 54 42 
129 69 54 
16 15 
78 39 |} 50 
74 39 | 53 
60 23 38 
67 13 64 
D4 3 | 78 
| 
69 38 | 56 
| | 


plant operates at a normal load. With 
an average BOD load of 18.7 1b/1,000 
cu ft, the removal was 15.6 1b/1,000 eu 
ft or 85 per cent. 

These data come from the results of 
the examination of 9-hr samples and 
for this reason the results are probably 
higher than those which would obtain 
with 24-hr samples. 


Discussion 


Probably the main reason for the 
plant overload was the increase in the 
demand 
relish 


for sweet pickles and sweet 
which place between the 
time of the original waste analysis and 
the time the plant completed. 
Sugar was the big contributor to the 
high BOD. 

City officials and health department 
and pickle company personnel are ac- 
tively working on the waste problem. 

The following monthly sewer service 
charges were in effect for the pickle 
waste : 


took 


Was 


30¢ /1,000 eal for the first 50,000 gal 
20¢/1,000 gal for the second 50,000 gal 
12¢/1,000 gal for the next 900,000 gal 
4¢/1,000 gal for the next 1,000,000 gal 
2¢/1,000 gal for all over 2,000,000 gal 


Thought is being given to inereasing 
the last two rates. 


, 
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The first sanitary sewers were con- 
structed in Dallas between 1870 and 
1880, with the sewage being discharged 
into the Trinity River untreated. In 
1906, the first sewage treatment plant 


was built. At present, there are ap- 


proximately 2,000 miles of sanitary 
sewer mains and 169,000 house econ- 


nections in the collection system. The 
sewer mains vary from 4 to 90 in. in 
diameter and area of over 
These sewers serve 
some 690,000 people. About 75 per 
cent of the sewer mains are in the 6- 
and 8-in. pipe size group and these are 
the sewers which require the most 
maintenance. About 50 per cent of 
them have been built in the past 20 
years which is quite an advantage as 
far as sewer maintenance is concerned. 
building connections from the main to 
In Dallas, all the sewer mains and all 
the property line are maintained by 
the eity. 


cover an 
273 square miles. 


The sewer system handles 
only domestic sewage and industrial 


wastes. 


Personnel 


The Sanitary Sewer Maintenance 
Division in Dallas is a part of the 
Water Department and is directly 
under the supervision of the water 
superintendent and the assistant super- 
intendent. Its duties are to maintain 
the collection system and install sewer 
laterals for new buildings (Figure 1). 
The division does not handle new sewer 
construction or sewage treatment ; these 
are handled by separate divisions. 
There are approximately 210 people 
employed in the maintenance division 
and 10 of these work in the office. The 
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others are included in the following 
groups: (a) 4 emergency crews (Fig- 
ure 2); (b) 27 repair and new service 
crews; and (c) 7 sewer-cleaning crews. 
The city is divided into four districts 
with each district having its own per- 
sonnel, buildings, and equipment neces- 
sary for maintenance work. In each 
district there is a general foreman who 
is in charge of all work exeept for 
sewer cleaning and emergency work. 
These two phases of the work are under 
the supervision of another general fore- 
man who works the entire city with 
these crews. All of the field work is 
under the supervision of a field super- 
visor who receives his orders directly 
from the sanitary sewer supervisor and 
the assistant supervisor. The Division 
is fortunate in having some of the best 
men in the maintenance busi- 
ness as general foremen. These men 
have all come up through the ranks 
and are definitely well qualified for 
the positions they hold. There are 
also some very competent employees in 
the laboring group also. 


sewer 


Tools for Sewer Maintenance 
Pipe Cutters 


The pipe cutters t used will cut cast 
iron soil pipe up to 6 in. in diameter 
and tile and concrete pipe up to 15 in. 
in diameter. The cutter consists of two 
metal handles and a chain which is 
fitted with small metal dises spaced at 
close intervals. One end of the chain 
is connected permanently to one handle 
and the other end hangs loose. The 
chain is wrapped around the pipe with 
the handles spread apart. The loose 
end of the chain is hooked snug into a 

+t Manufactured by the Wheeler Manufae- 
turing Corp. 


| 
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lateral construction. 


notch in the other handle. This lets 
the two handles spread apart at about 
a 45 deg angle. Pressure is put on the 
handles by pushing them together and 


this causes the chain to tighten and 


put uniform pressure on each of the 
dises around the barrel of the pipe. 
The from the causes 
the pipe to break uniformly along the 
chain line. 


pressure dises 


FIGURE 2.—Specially designed truck used in emergency work. 


132 
i FIGURE 1.—Specially designed truck used in sewer repairs and new 
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Dipping Needles and Pipe Locators 

There are several different types and 
brands of dipping needles and pipe 
locators which can be purchased at rea- 
sonable cost. It has been found that 
much time and labor can be saved with 
these two instruments. The dipping 
needles are magnetized to pick up east 
iron and steel and are very helpful in 
locating lost manholes and cleanouts 
covered with dirt or pavement. In 
using the pipe locators, a steel cable is 
pushed into the sewer that needs to be 
located and then the locator is con- 
nected to the cable. The cable, then, 
can be traced as easily as any under- 
ground metal line. 


Safety Equipment 
Gas Masks 


The gas masks used are Chemox oxy- 
gen-breathing apparatuses.* The mask 
is equipped with a canister which sup- 
plies oxygen to the wearer. As the 
wearer breathes into the canister the 
moisture from the exhaled breath 
causes a chemical reaction which re- 
leases oxygen and removes earbon di- 
oxide. One canister will last 45 min 
when the wearer does hard work. The 
mask is equipped with a speaking 
diaphragm and an automatic timing 
device which rings a bell at the end of 
a preset interval. When the bell rings 
the wearer knows that he should return 
to fresh air. The entire unit weighs 
only 131% lb and is very compact. Two 
of these units are owned by the Divi- 
sion, and the men usually work in 
pairs wherever masks are needed. 


Safety Harness 


The harness used in Dallas is nothing 
more than the harness used on para- 
chutes. It is a very stout, light-weight 
harness with straps across the back and 
chest and two straps between the legs. 
There is also a V-type strap that snaps 
to each side of the harness in front. A 


* Manufactured by Mine Safety Appliance 
Co. 
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tow rope can be snapped to this strap 
at the top which has a metal ring for 
that purpose. The harness is con- 
nected together with snaps which makes 
it easy to put on and take off. The 
wearer's body will stay in an upright 
position when raised or lowered. The 
harness also provides a convenient way 
to either lower or raise the wearer in 
or out of a manhole or lift station. 


Manhole Blowers 


The Division owns several manhole 
blowers and they are used frequently 
in sewer cleaning work. It has been 
found that a man can enter most man- 
holes without danger if a blower is 
used. Gas masks are normally used 
when entering large trunk sewers. 


Two-way Radios 


The two-way radio is one of the most 
important aids to the maintenance or- 
ganization. Four emergency trucks 
and seven passenger cars are equipped 
with them. The Division also has a cen- 
tral dispatcher who receives all com- 
plaints and in turn relays them to the 
proper personnel in the field. The 
radio-equipped passenger cars are used 
by the general foremen and other key 
personnel. 


Sewer Maps 


The value of sewer maps to a main- 
tenance program is incalculable. In 
the old days, the sewer maintenance 
man remembered where all the sewer 
mains and manholes were located. He 
often knew where to find the sewer 
trouble in many sewer mains from 
past experience. However, today cities 
are too large to depend on such a vul- 
nerable, transitory system. 

The maps used in Dallas are drawn 
to a seale of 1 in. equals 400 ft, and 
they show the size of the pipe, direction 
of flow, and existing manholes and 
cleanouts. There is a key number on 
each main which refers to an as-built 
drawing which is stored in the engi- 
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neering department. This plan shows 
all the details of the main such as date 
of construction, kind of pipe, kind of 
embedment, location ties, and profile. 
The as-built plan, however, is not used 
very often by the maintenance force 
because the 400-ft scale map usually 
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from sanitary sewers in Dallas. 


serves their needs. The emergency 


crews, cleaning crews, and key per- 
sonnel carry a full set of these small- 
maps with them at all 


seale times. 


They are used also by the engineering 
. > 


department as an aid to permit clerks 
and other personnel dealing with build- 


FIGURE 4.—Chunks of grease removed with bucket machines. 


FIGURE 3.—Rocks removed 
At 
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ers, developers, and the 


veneral, 


public in 


Sewer Maintenance Equipment 


In Dallas, all city-owned automobiles, 
trucks, and other equipment, with the 
exception of sewer-cleaning equip- 
ment, are maintained by the municipal 
garage which is a separate city divi- 
sion. The equipment is leased to the 
Sewer Maintenance Division on a mile- 
age basis for automobiles and trucks 
and on an hourly basis for other equip- 
ment. 
can be supplied by the garage. 


Almost any kind of equipment 
All 
divisions are assigned certain pieces of 
equipment which are used by that divi- 
sion only. This assures each division 
that its equipment will be available 
trucks, 

drag- 


when needed. Automobiles, 


back-hoes, ditching machines, 


lines, air compressors, concrete mixers, 
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and various other equipment are avail- 
able at the garage. 


Sewer Cleaning Equipment 


Sewer cleaning in Dallas started in 
1950. At that time, one sewer rodding 
machine and one set of bucket ma- 
chines (Figures 3 and 4) were pur- 
chased. This equipment was used to 
clean only sewers which were giving 
real trouble; no thought was given to 
a routine cleaning program. In 1953, 
the sewer-cleaning organization ex- 
panded and it continues to expand. 
Now, the Division owns two large rod- 
ding machines, five sets of bucket ma- 
chines, and several small 2-hp rodding 
machines. Each year about 300 miles 
of sewers are cleaned. At present an 
attempt is being made to set up a 
long-range, routine cleaning schedule 
which will some day cover the entire 
sewer system. 


SPLIT CHLORINATION * 


By Joun M. SHERBECK 


Superintendent, Sewage Treatment Plant, Bay City, Mich. 


Compared with effluent chlorination, 
split chlorination or pre- and _ post- 
chlorination seems to be a more efficient 
disinfecting practice. In addition, the 
method is beneficial in other ways: it 
is very effective in reducing odors; it 
makes the skimming of fats and oils 
easier to accomplish; and it can en- 
hance sedimentation by preventing gas 
formation during long retention pe- 
riods. 

The City treatment 
works is of the primary type with an 
average dry weather flow of from 6 
to 8 mgd. The plant consists of three 


Bay sewage 


* Presented at the 34th Annual Meeting, 
Michigan Sewage and Industrial Wastes 
Assn.; Bay City, Mich.; May 11-13, 1959. 


circular settling tanks and a circular 
chlorine contact tank. Each of these 
tanks has a capacity of 350,000 gal. 
When the fiow is 8 mgd, the chlorine 
contact time is approximately 60 min; 
this helps to account for the large 
reduction in coliform organisms. 

The most probable number of coli- 
form organisms in Bay City’s raw, un- 
chlorinated sewage varies from about 
1,600,000 to 24,000,000 per 100 ml. 
These values come from the results of 
20 confirmed tests run according to 
‘Standard Methods’’ (1). 


Post-Chlorination 


In 1955, between May 15 and Sept. 
15, coliform tests were performed on 


pe 
a 
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TABLE I.--Summary of Chlorination Results 
at Bay City, Mich. 


Single-Shot Split 
Chlorination Chlorination 
ltem 
1055 1956 | 1957 L058 
Sewage pumped 
(mil gal) 750 975 | 1,340 820 
Chlorine used (ib 75,300 | 69,200 | 99,800 | 84,700 
Chlorine dosage | 
(mg/l) 12.0 8.4 6.1) 12.2 
No. of samples | 39 | 46 | 43 | 41 
No. of samples with j | 
MPN/100 mil of 
0 to 100 26 30 35 | 38 
100 to 1,000 6 | 7 6 | I 
More than 1,000 | 7 | i) 2 2 
| 


39 chlorinated effluent samples (Table 
1). Of these, 26 had MPN’s of less 
than 100 organisms/100 ml; of the re- 
mainder, 6 MPN’s were between 100 
and 1,000, and the other 7 were be- 
tween 1,000 and 16,800. In that sum- 
mer, 75,300 lb of chlorine was used to 
treat 750 mil gal (12.0 mg/l) to main- 
tain a residual of from 0.5 to 1.0 mg/l. 
Chlorination was added only at the 
chlorine contact tank. 

In 1956, with single-shot chlorina- 
tion again, 68,200 lb of chlorine was 
used to treat 975 mil gal (8.4 mg/1). 
The results of coliform tests on 46 
effluent samples showed that 30 had 
MPN’s below 100 organisms/100 ml, 7 
showed MPN’S between 100 and 1,000, 
and 9 MPN’s exceeded 1,000. 


Split Chlorination 


In 1957 split chlorination was 
adopted. Chlorine was added on the 
discharge side of the raw sewage 
pumps, and a trace of residual was 
maintained at the weir of the elari- 
fiers. Additional chlorine was then 
added at the chlorine tank to main- 
tain a residual of from 0.5 to 1.0 mg/I. 
In that year two chlorinators were 
used, and 99,750 lb of chlorine was 
added to 1,340 mil gal for a dosage of 


6.1 mg/l. The results of the coliform 
tests on 43 samples were as follows: 
in 35, the MPN was less than 100 or- 
ganisms/100 ml; in 6, it was between 
100 and 1,000; and in 2, it was over 
1,000. Note that in the combined sys- 
tem as pumpage goes up the chlorine 
demand goes down. 

Approximately %4 of the chlorine 
was added before settling and 14 was 
added at the chlorine retention tank. 

In 1958 split chlorination was used 
again, but this time with only one 
chlorinator because of the high cost 
of water needed to operate two ma- 
chines. Chlorine was added to the 
raw sewage until a trace residual ap- 
peared at the weir of the clarifiers, 
then by manipulation of valves, ad- 
ditional chlorine was added to the re- 
tention tank. The results from eoli- 
form tests on 41 samples showed that 
38 had MPN values below 100 organ- 
isms/100 ml; 1 was between 100 and 
1,000, and the remaining 2 were 1,100. 

All results are compared in Table I. 


Conclusions 


It is believed that split chlorination 
is superior to one-point application. 
Lower numbers of surviving coliform 
organisms and more efficient use of 
chlorines are two results. At present, 
no statistical accounting can be given 
for the claims of odor control and im- 
proved settling, nonetheless, some im- 
provement is apparent. 

The only improvement lacking at 
Bay City is a system for adding chlo- 
rine farther upstream so that odors 
in the wet well can be controlled. 
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Normal domestic sewage contains 
rags and coarse solids in addition to 
regular household wastes. Discharges 
from industries and storm water, in 
the case of combined sewers, permit 
additional quantities of coarse solids 
to enter the sewer system. These solids 
cause the clogging of pumps and other 
equipment and interfere with the treat- 
ment processes. Consequently, it has 
been almost universal practice to in- 
stall either manually or mechanically 
raked bar screens close to the point 


where sewage enters the treatment 
plant. The sereenings have to be dis- 


posed of by removal and burning or 
burial, or by grinding and returning 
them to the sewage flow. While such 
installations are practical at the treat- 
ment plant, they are not very suitable 
for small pumping stations where the 
smaller pumps are particularly suscep- 
tible to clogging and where screens 
would constitute a messy and insani- 
tary solution. In answer to this prob- 
lem, the comminutor was developed. 
The comminutor is a machine which 
cuts and shears waterborne solids into 
pieces small enough to pass through 
the slots of a rotating drum. The 
original machine, as developed by the 
Chicago Pump Co., is installed in a spe- 
cially constructed basin with the flow 
passing into the drum and thence down 
through a discharge port. Several years 
ago, following the expiration of certain 
patent rights, two other firms devel- 
oped modifications of the comminutor. 
The Worthington Pump Co. makes a 
similar unit ealled a comminutor, and 
Infileo Ine. makes another variation 
called the griductor ; both can be placed 
in the regular channel without any 
special basin. More reeently, the Chi- 
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cago Pump Co. has developed a more 
radical modification called a barminu- 
tor which can also be installed directly 
in a flow channel. Recently, Infileo has 
developed a new type of machine called 
a ‘‘Rotagrater.’’ 


Winnipeg Operating Conditions 


The Greater Winnipeg area is very 
flat and, consequently, a large number 
of low-lift pumping stations had to be 
constructed to intercept the sewage 
from the many trunk sewers. Com- 
minutors were placed in 24 such sta- 
tions constructed in 1937. There are 
now 31 pumping stations with 37 com- 
minutors installed. 

Conditions prevailing in Winnipeg 
are probably as severe as any likely to 
be encountered. First, the trunk sew- 
ers intercepted are all of the com- 
bined type and they were laid on very 
flat grades. Second, the long and 
severe winters require the use of large 
quantities of sand, cinders, and finely 
erushed stone for ice control on the 
streets. Most of this material is later 
flushed to the sewers in the spring with 
the winter accumulation of some 50 
in. of snow. Asa result, the amount of 
comminutor maintenance required is 
much heavier than that normally re- 
quired by units used in more temper- 
ate locales. 

There are two conditions in Winni- 
peg which result in a somewhat un- 
usual approach to the maintenance 
program. These are: (a) the cost of 
replacement parts is unusually high 
because of import duties and until very 
recently, a 10-per cent federal sales tax, 
and (b) the city of Winnipeg engineer- 
ing department operates a first-class 
machine shop which economically man- 
ufactures hydrants, corporation and 
curb cocks, meter gear trains, ete. As 
a result, the district has been able to 
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modifications to the 
comminutors and manufacture certain 
spare parts. 


make its own 


Maintenance 


The comminutor is primarily a me- 


chanical cutting and screening device, 
and, while it is very sturdy in con- 
struction, its cutting action works 
within limits. It is a 
precision machine which has to be well 
maintained to 
iron 


very close 
funetion properly. An 
casting the 
work for the slotted drum 
rotated at about 58 rpm. 


frame- 
which is 
On the drum, 
‘teeth’ protrude 


forms main 


small projections or 
at different throughout its 
depth. These teeth are so placed that 
they mesh with a fixed comb on the 
Also on the 
drum, at intervals, there are shear bars 
which shear and eut the solids at the 
comb. The action is such that the flow 
along the channel in which the com- 
minutor is installed brings the sewage 
to the face of the drum and the solids 
are then cut by either the teeth or the 
shear bars as the sewage tries to pass 
through the slotted drum, 


points 


cast iron framework. 


Excessive Wear and Corrosion 

One of the main problems encoun- 
tered after the initial 
the excessive 


installation was 
wear of the combs and 
shear bars which were originally made 
of mild steel and tipped with Stellite, 
a non-ferrous hard metal, to resist 
abrasion. These difficulties were over- 
come by using stainless steel instead 
of mild steel for the combs and shear 
bars. The combs and shear bars, how- 
ever, had to be grooved so that Stellite 
would bond properly. The teeth are 
made of Stellite and are manufactured 
in the city’s machine shop. 

Another early problem was the ex- 
cessive wear on the drums caused by 
heavy and, rusting. 
The greatest wear took place on the 


grit partly, by 
bottom slots, decreasing progressively 
to the top. of this it was de- 
cided to split the 15- and 25-in. drums 
horizontally into two sections. By do- 


In view 
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ing this, a bottom section showing signs 
of excessive wear could be replaced at 
about one-half the cost of a new drum. 
After experimentation, it was 
decided to use the International Nickel 
Company's ‘Ni-resist,’ a 


some 


very hard 
metal, instead of the cast steel origi- 
nally supplied. All drums are now 
made of this material and their service 
life has been increased approximately 
four- or five-fold. 
top sections have been in continuous 
approximately 10 years. 
Records show that at the end of 1958 
one 15-in. machine had been operating 
for 722 days; one 10-in. machine has 
been in continuous operation for 1,582 


In some instances, 


serviee for 


days; and most of the 25-in. machines 
are operated for from 400 to 500 days 
before new bottom sections are needed. 


Lubrication 


Lubrication is a very important part 
Service 
of the 


is be- 


of any maintenance program. 
crews the level 
comminutors each weekday. It 
lieved, just as in the case of pump 
bearings, that with its en- 
trained grit must be kept away from 
rotating bearings and this can be done 
best by regular checking and frequent 
greasing. A good waterproof, mineral- 
base bearing grease is used. The motor 
and reducer are also cheeked 
periodically and lubricated. <A_ pre- 
ventive maintenance chart is 


check vrease 


sewage 


rear 


check 
used by the service crews. 


Ragging 


Another problem not entirely solved 
of the 
rags in sewage permits them to pass 
through the slots of the drum. 
rags, however, wind around the bottom 
nut of the comminutor drum or 
other projection and a 


The comminution 


is ragging. 
Some 


some 
rag rope is 
formed which is ultimately dislodged 
by sheer'weight after a period of time. 
For this reason, the inside of all the 
drums are smoothed off and the bottom 
nuts capped. This step reduced the 
amount of ragging, but it did not 
eliminate the problem entirely. 


d 
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TABLE I.—-Comminutor Maintenance Costs 


Number of Units in Operation | Number of Units Changed Cost of Repairing and Overhauling Machines 


| 10-in. 15-in. 25-in. | 10-in. 15-in. | 25-in. 10-in. 15-in. 25-in. 
1955 | 5 7 i 2 | $465 | $3,315 | $3,459 
1956 6 9 | 5 | 2 | 18 | 533 3,642 | 1,790 
1957 | 7 9 | 5 20! 432 4,762 | 2,965 
1958 | 7 9 | 6 3 | 22 | 2 | 948 4,638 | 2,178 
Frequent cleaning of the comminu- As mentioned earlier, all repair 


tor, the basin, and all parts is another 
deterrent to the formation of rag ropes, 
and it helps to eliminate the abrasive 
action of grit. To make flushing as 
easy as possible, hose bibs have been 
installed in all stations. 


Method of Installation 


One other point should be mentioned 
regarding installation of comminutors: 
with the large machines, a fabricated 
steel ring which fits around the base 
of the machine is used instead of 
anchor bolts. This ring permits a 
tight fit and is held in place only by 
the concrete projection around the cast 
iron framework of the machine. This 
makes it possible to remove a 25-in. 
machine very rapidly. On the small 
machines, i.e., 15- and 10-in., anchor 
bolts are used. 


Maintenance Personnel and Costs 


Initially, it was planned that a sin- 
gle three-man crew would take care of 
the District’s 24 automatically op- 
erated comminutor-pumping stations. 
This was not found practical. The 
District’s 20 miles of intercepting 
sewers, 10 river crossings, 31 commi- 
nutor-pumping stations, and 27 flood- 
water pumping stations are now main- 
tained by a staff of 10 men and a 
supervisor. Two three-man service 
crews are used for the daily visits to 
each station and they carry out routine 
maintenance of all equipment. The 
maintenance and repair crew consist- 
ing of four men has a hoist-equipped 
truck and other tools required to per- 
form major tasks. All trucks are 
equipped with two-way radios. 


work on the comminutors, including 
overhauling and rebuilding as well as 
the manufacture of new combs, shear 
bars, drums, and teeth, is carried out 
at the city machine shop. This work 
keeps one regular employee occupied 
for approximately two-thirds of his 
time. The cost of recent work done by 
the machine shop and the number of 
machines changed each year are listed 
in Table I. It is not possible to give the 
portion of the cost chargeable to commi- 
nutor maintenance alone, but the total 
cost for the maintenance and operation 
of the collection system amounted to 
$103,786 for 1958. 

The District, as it does with all its 
equipment, maintains an adequate sup- 
ply of spare parts. Based on past 
experience, one spare comminutor is 
stocked for every five in service; also, 
several gear reducers and one or two 
spare motors are stocked, although over 
a 20 year period, motors and gear re- 
ducers have had to be replaced in only 
one or two instanees. During the 1950 
flood, 15 motors were submerged be- 
fore they could be removed. For- 
tunately, one or two days’ baking was 
all that was required to restore them 
to usable condition. 


Conclusion 


The effectiveness of any maintenance 
program is measured by two factors: 
(a) the unit cost of maintenance, and 
(b) the amount of equipment down- 
time. The District feels that it has a 
fair record on both counts, bearing in 
mind the difficult operating conditions. 


Rubber Pipe 


One of the largest installations of its 
kind was recently completed in New 
Jersey when an 1,564-ft length of large- 
diameter rubber pipe * was laid from 
the shore to the channel of the lower 


FIGURE 1.—Workmen prepare to con- 
nect two lengths of rubber pipe. Note 
heavy, cast iron collars which anchored 
pipe to river bottom. 


Delaware River. The pipe was de- 
signed to discharge processing wastes 
from a larg? chemical plant. 

The line was installed from an off- 
shore dredge which first scooped out a 
trench on the river bottom. Successive 
50-ft flanged lengths were bolted to- 
gether, using corrosion-resistant bolts 
and nuts. Flexibility of the line sim- 
plified the bolting operations. The free 
end was just lifted out of the water, 
without disturbing the sections already 
in place, and attached to the next length 
on the dredge. Then the dredge backed 
off one pipe length and dropped the 
newly attached length in place (Fig- 
ures land 2). A heavy cast iron collar 


~ * Manufactured by Raybestos-Manhattan, 
Ine., Passaic, N. J. 
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bolted to each rubber pipe anchored it 
to the bottom. 

Operated as an open-end 12-in. diam- 
eter pumpline, the rubber pipe is de- 
signed to withstand 100 psi. This 
strength is provided by a nylon and 
steel wire carcass. A neoprene cover 
is used for protection against external 
damage. Depending on the tides, 50 
to 80 ft of the line could be exposed to 
weathering and floating debris. 


FIGURE 2.—A 50-ft section of pipe is 
being lifted into position for attachment to 
an 1,800-ft waste line in the Delaware 
River. 


Don’t Lose Your Head + 


At the Kodak Park Works of the 
Eastman Kodak Company in Rochester, 
N. Y., the waste treatment plant is 
used to generate electricity. Now a 
lot of plants generate power in one way 
or another, but what makes Eastman’s 
plant unique is that the electricity is 
generated in a hydroelectric turbine. 
Wastes on their way to the treatment 
plant drop 120 ft, furnishing the neces- 
sary energy to generate enough elec- 
tricity to meet most plant needs and, 
at times, produce a surplus! 


+ From Plant and Power Services Engineer 
(Dee. 1959). 
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Football Game Aids Gas Production 


Dave Backmeyer writes that for the 
20-day period ending Dee. 31, 1959, 
the average daily gas production at the 
Miami, Fla., sewage treatment plant 
was 260,000 cu ft. The Orange Bowl 
football game and parade on New 
Year’s Day always bring thousands of 
visitors to downtown Miami. On Mon- 
day following New Year’s week end, 
the gas production at the plant was the 
greatest for any single day on record. 
A total of 390,800 cu ft was metered in 
the 24-hr period. 

Operators with indifferent digesters 
please note. 


Can’t Keep Them down on the Farm 


More and more agricultural mate- 
rials enter the manufacturing chain 
and wind up in some unrecognizable 
form. A partial listing of some of the 
products is shown below. Many of 
these have associated with them waste- 
waters which require treatment. 


Agricultural Materials and End Products 


Agricultural Raw Material Used to Manufacture 


(a) CARBOHYDRATES 
cellulose from 
cotton linters, wood 
pulp nitrocellulose, rayon, lacquers, 
cellophane, acetate, paper 
. adhesives, dextrose, sorbitol 
penicillin 


starch (corn) 

corn steepwater 
oat hulls, corn cobs, 

furfural, nylon, medicinals 
allyl sucrose, 
aleohol, acetone 
lignin . vanillin, leather, textile chemicals 
paper chemicals 
pharmaceuticals 
food, pharmaceuticals 


bagasse 
sugars, molasses 


lactose (milk sugar) 
lactic acid 
(b) Fats anp OILs 


cottonseed oil 
soybean oil 


margarine, shortening 
paints, shortening, lecithin, 
margarine 

paints, varnish 
pharmaceuticals 

paints, printing inks 
pharmaceuticals, paints 


tung oil 

peanut oil 
linseed (flax) oil 
castor oil 
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tall oil paints, soap, detergents 
inedible tallow and greases .. soap, glycerine, 
red oil, lubricants 


(c) PROTEIN 

sugar beet pulp, 
wheat gluten food flavor intensifiers 
casein adhesives, coatings 


adhesives 

(d) OTHER 
pharmaceuticals 
chloresium for wound healing, 
odor reduction 
tobacco insecticides 
turpentine paints, plastics 
animal organs ..... ACTH, cortisone, pepsin 
extracts, insulin 
gelatins, bone ash 


buckwheat 
alfalfa 


A. R. Strate and greenhouse 


Alf Strate, Superintendent of the 
Nampa, Idaho, sewage treatment plant, 
has been hoping for a long time to 
build a greenhouse at the plant. The 
opportunity came when used building 
materials from another city project 
became available. Heated by waste 
gas, the 20- by 30-ft greenhouse pro- 
duces flowers for other city depart- 
ments. 
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News and Notes 


Of Persons and Activities in the Wastewater Field 


John R. Hartley was elected President 
of Builders-Providence, Ine., Division of 
B-I-F Industries. Mr. Hartley joined the 


firm in 1929 and has served, successively, 


as apprentice draftsman, sales engineer, 
manager of project sales, and general man- 
ager. 

Arthur H. Niles, Treasurer of the 
Water Pollution Control Federation, has 
retired Sewage Dis 
posal for the city of Toledo, Ohio. He will 
make his new home at 433 N. E. Thirty- 
Third St., Boea Raton, Fla., where he will 
be available as a consulting engineer. 

Camp, Dresser, and McKee, consulting 
engineers, 


as 


Commissioncr of 


their office from 
6 Beacon St. to 18 Tremont St., 


Mass. 

John R. Thoman was named the Re- 
gional Program Director, for the Division 
of Water Supply and Pollution Control of 
U. S. Public Health Service’s Atlanta, Ga., 
office. 


have moved 


5, 


Clarence W. Bogenhagen died suddenly 

Feb. 11, 1960. Mr. Bogenhagen was 
superintendent of the Fond du Lae, Wis.. 
sewage treatment works and served as See- 
retary-Treasurer to the Conference of Wis- 
consin Sewage Works Operators. 

Williams, Hatfield and Stoner, Inc., 
civil engineers, have moved their office to 
2312 Wilton Dr., Fort Lauderdale, Fla. 

Richard F. Poston now the Public 
Health Consultant to the U. S. 
Study Commision Southeast River Basins, 
Atlanta, Ga. 

Worthen H. Taylor has been appointed 
Director of the Division of Sanitary Engi- 
neering of the Massachusetts Department 
of Public Health. 

Earnest Boyce, Chairman of 
partment of Civil 
ot Michigan, and 
ident, will serve 
ot 


and 


on 


is 


Service 


the De- 
University 
Federation Past-Pres- 


as a 


Engineering, 


member of a three- 


man team engineers chosen to study 


sanitation water supply problems in 
villages of The two other team 
members are Morton W. Lieberman, for- 
merly of Tippetts, Abbet, MeCarthy, and 
Stratton, and Dwight D. Metzler of the 
Kansas State Board of Heasith 


Along with Indian government represen- 


India. 
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tatives, the team will make two to three 
week inspection trips to the east, south, and 
west portions of India. After the trips, 
they will return to New Delhi to prepare 
reports and make recommendations for a 
third five-year plan. 

Paul Eastman has been transferred from 
Washington, D. C., to become the Regional 
Director the Division of 
Water Supply and Pollution Control of the 
U. 8. Public Health San Fran- 
cisco offiee. 

George A. Wesson, Jr., has joined the 
research, engineering, and development staff 
of the American Well Works, Aurora, Ill. 

Joseph W. Lipscomb recently became 
the Chief Engineer of the Florida office of 
Gannett Fleming Corddry and Carpenter, 
Inc. The firm’s Florida office is now located 
at 523 N. Halifax Ave., Daytona Beach, 
Fla. 

Walter A. Gardner has been appointed 
Vice-President in charge of engineering for 
the Harrison Engineering Company, 
Gastonia, N. C. 

Paul W. Reed is now the Publie Health 
Service Consultant to the U. 8S. Study Com- 
mission, Texas River Basins, Houston, Tex. 

George W. Kelsey was elected Senior 
Vice-President of B-I-F Industries at a 
recent meeting of the Board of Directors. 
Mr. Kelsey also serves as President of the 
Water and Works 
Association. 

Bowe, Albertson & Associates, engi- 
neering firm of New York, has opened a 
New England office at 1000 Farmington 
Ave., West Hartford, Conn. 

Ray Raneri, prominent U. S. Publie 
Health died Feb. 
1960. Mr. Raneri was well known for his 
work in connection with the planning and 
operation of the Robert A. Taft Sanitary 
Engineering Center in Cincinnati, Ohio. 


Program for 


Service's 


Sewage Manufacturers 


Service 


Engineer, 


Boyer & Sweeney, engineers of Salina, 
Kans., announced their new firm name of 
Boyer-Sweeney-Hagadorn Engineers. 

Joseph V. Smith has been named man- 
ager of the South Central S 
Division of 


anitary Sales 
Dorr-Oliver Inc. Mr. Smith 
makes his headquarters at 4117 Broadway, 
Kansas City, Mo. 
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BIOSORPTION® Activated Sludge Plant 
Neillsville, Wisconsin 


Consulting Engineers 


Davy Engineering Co., Inc 
La Crosse, Wisconsin 


SUPERIOR 
FEATURES 


PRESSURE RELIEF and 
VACUUM BREAKER VALVE 
with FLAME ARRESTER 
FIG. No. 5800C 


The multi-plate Flame Arrester bank 
has larger area than competitive units 
of same size. 


Much more flow per minute than 
same size competitive equipment, 
due to less capillarity and friction in 
the Flame Arrester passageways; 
streamlining and expanding passage- 
ways of Pressure Relief and Vacuum 
Breaker Valve. 


4. 


< 


“VAREC"’ Fig. No. 5800C 
Pressure Relief and Vacuum Breaker 
Valve installed on INFILCO unit. 


Easy to clean. Just loosen frame hold- 
ing Flame Arrester plates together — 
plates separate to permit easy clean- 
ing with distillate, chemical solution 
or wire brush. 


All aluminum construction makes 
“VAREC” Pressure Relief and Vacu- 
um Breaker Valve corrosion resistant. 
Lighter weight facilitates installation. 


The flame arresting element is identical to that listed by 
Underwriter’s Laboratories and approved by Associated 
Factory Mutuals Laboratories for use on oil storage tanks 
on which hazard is considerably greater than that generally 
encountered in sewage treatment plants. 

Send for ““VAREC" Catalog S-3 today. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Al 
Cable Address: Varéc Compton California (U.$.A.) All Codes 


da Street, C 


lifornia 


P 


Available from Authorized Equipment Agents throughout the U.S. and Canada. 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


make every effort to 


of JOURNAL. 


keep this list current with the 


endar year are included. 


This list of products and services is offered as an information aid. The 
list was derived by solicitation from those firms listed. 
help of members and 
advertisers. All Associate Members and all advertisers for the past cal- 
Many of the services and products are advertised 
in this issue. For an alphabetical listing see Index to Advertisers in back 


The JOURNAL will 


Aerators (also see Diffusers, Air) 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Graver Water Conditioning Co. 

Infilco Inc 

Link-Belt Co 

Pacific Flush Tank Co 

Penberthy Mig. Co., Div. of Buffalo- 
Eclipse Corp 

Permutit Co., Div. of Pfaudler-Per- 
mutit Inc 

Smith & Loveless, Inc 

Walker Process Equipment Inc. 

Wemco Div., Western Machinery Co 

Yeomans Brothers Co 

Zimmer & Francescon 

Agitators 

Link-Belt Co. 

Air Cleaning 

Westinghouse Electric Corp 


Air Compressors (also see Blow- 
ers, Compressors, and Fans) 

Chicago Pump Co 

Fairbanks, Morse & 

Komline-Sanderson Engr. Corp 

Worthington Corp 

Yeomans Brothers Co 


Air Diffusers (see Diffusers, Air) 


Asbestos Ceme nt Pipe 
Filtration 


Johns-Manville Sales ( orp 
Keasbey & Mattison ( 

Ash Handling Equipment 
Link-Belt Co 

Automobiles and Trucks 
Vulcan Materials Co. 


Bearings 
Link-Belt Co. 


Bins, Storage (see Tanks) 


Biologists (see Directory of Engi- 
neers) 

Blowers (also see Air ( 
Compressors, and Fans) 

Chicago Pump C« 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Yeomans Brothers (¢ 

Zimmer & Francescon 


mpressors, 


Boilers 

Combustion Engineering, Inc 

Building Maintenance 
ment and Supplies 

Homestead Valve Mig. Co 


Equip- 


Cast Iron Pipe Products 
American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 
Industrial Materials Co, 


U. S. Pipe & Foundry Co 
R. D. Wood Co 


Cement (see Concrete) 


Centrifuging Equipment 
Bird Machine Co. 


Chains 


Webst er Mfg., Inc 


Chemical Feed Equipment 

Builders-Providence Div., B-I-F In- 
dustries 

Ein Corp 

Fischer & Porter Co 

Graver Water Conditioning Co 

Infilco Inc 

Jeffrey Mfg. Co. 

Komline-Sanderson Engr. Corp 

Link-Belt Co 

Omega Div., B-I-F Industries 

i“ utit Co., Div. of Pfaudler-Per- 
mutit Inc 

Pro rtioneers Div., B-I-F Industries 

Wallace & Tiernan Inc 


Chemicals 

Cloroben Chemical Corp, 

Dow Chemical 

Fisher Scientific Co 

General Chemical Div., 
ical Corp 

Tennessee Corp 

Vulcan Materials Co 


Allied Chem- 


Chemists (see Directory of Engi 


neers) 


Chiorination Equipment 

Builders widence Div., B-I-F In- 
dustr 

Everson Mi g. Co 

Fischer & Porter Co 

Graver Water Conditioning Co. 

Wallace & Tiernan Inc 

Zimmer & Francescon 

larifier Equipment (also see 

ntation Equipment) 


Alp (Switzerland) 
An Well Works 
Ral Carter Co 
Chain Belt ¢ 

Chicago Pump Co. 

D Oliver Inc 

Ei Corp 

Graver Water Conditioning Co 
Hardinge Co., Inc 

Inf In 

Jeffrey Mig. Co 


K e-Sanderson Engr. Corp 

Lakeside Engineering Corp 

Link 

Permutit Co., Div. of Pfaudler-Per 
mutit 

Walker Process Equipment Inc 


Yeomans Brother 
Zimmer & Francescon 
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Clay Pipe Products 

Industrial Materials Co, 

National Clay Pipe Mfrs., Inc. 
Wedge-Lock Clay Pipe Mfrs., Inc. 


Coatings and Linings (Pipe and 
Tank) 

Amercoat Corp. 

Centriline Corp. 
n 1 Co., Inc 


Nation , Water Main Cle aning Co. 
Perry-Austen Mfg. Co 

Pittsburgh Coke & Chemical Co 
Stebbins Engr. & Mfg. Co 

Vulcan Materials Co. 


Comminutors (also see Shredders 
and Grinders) 

Alpha Ltd 

Ar Vor 


h & Loveless, Inc 
Walker Process Equipment Inc. 
Worthington Corp 


Compressors 

Chicago Pump Co 

Fairbanks, Morse & Co 

Komline-Sanderson Engr. Corp 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Worthington Corp 

Yeomans Brothers Co 


Computers 
Minneapolis-Honeywell Regulator Co., 
3rown Instruments Div 


Concentrators (see Sludge Concen- 
trators) 


Concrete 
Portland Cement Assn. 
Vulcan Materials Co 


Concrete Pipe Products 
merican Concrete Pressure Pipe 
Assr 
American-Marietta Co 
Gray Concrete Pipe Co., Inc. 
Industrial aterial Co 


Price Bros. Ce 
Vulcan Materials Cx 


Construction Equipment 
Chain Belt Co 

Eimco Corp 

Worthington Corp 


Controls (also see Instruments, Re- 
cording and Control) 

Bailey Meter Co 

Builders-Providence Div., B-I-F In- 
dustries 
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WPCF publications 


Safety in Wastewater Works 


Contains information on hazards, acci- 
dent statistics, rescue methods, safe prac- 
tices, and equipment. 56 pages. $0.75 
to members; $1.50 to others. Order as 
Item MOP.-1.* 


Utilization of Sewage Sludge as 
Fertilizer 


An authoritative evaluation of advan- 
tages and limitations of sludge as a soil 
conditioner. 120 pages. $0.75 to mem- 
bers; $1.50 to others Order as Item 
MOP.-2.* 


Chlorination of Sewage and In- 
dustrial Wastes 


Reviews history, development, and up-to- 
date technique of chlorine application. 90 
pages. $1.00 to members; $1.25 to others. 
Order as MOP-4.* 


Air Diffusion in Sewage Works 

History and modern practice in design, 
installation, operation, and maintenance of 
diffuser systems and appurtenances. 75 
pages. $1.00 to members; $1.25 to others. 
Order as Item MOP-5.* 


Units of Expression for Wastes 
and Waste Treatment 


Lists of recommended units for quontities 
ordinarily encountered in wastes and waste 


Sewage Treatment Plant Design 
Prepared jointly by the Federation and 


ASCE. 
ject. 375 pages. 
to others. 


Design 


Detailed presentation of the sub- 
$3.50 to members; $7.00 
Order as Item MOP-8.* 


and Construction of 
Sanitary and Storm Sewers 


Prepared jointly by the Federation and 


ASCE. 
ject. 283 pages. 
to others. 


Detailed presentation of the sub- 
$3.50 to members; $7.00 
Order gs Item MOP-9.* 


Twenty-Year Index to Sewage 


Works Journal 


Covers Sewage Works 
1948. Author, subject, 
144 pages. 
as Item Dex-20 


Journal, 
and geographic. 
Buckram bound, $3.00. Order 


1928- 


Ten-Year Index to Sewage and 


Industrial Wastes 


Covers Sewage and Industrial Wastes, 


1949-1958. Author, 
graphic. 168 pages. 


subject, 


Glossary—Water 
Control Engineering 


and geo- 
Buckram, $4.00; heavy 
paper, $3.00. Order as Item Dex-10. 


and Sewage 


Prepared jointly by the Federation, ASCE, 


AWWA, and APHA. 
taining to nomenclature. 


$1.00. Order as Item Gl. 


2,600 terms per- 
274 pages. 


treatment. 8 pages. $0.25 to members; 
$0.50 to others. Order as Item MOP-6.* 4 
Binder 


Multiple wire, 2-in. 
MOP’s listed except 8 and 9. 
Order as Item Bi.* 


Sewer Maintenance capacity, for all 


$2.00. 

A guide for maintaining a municipal or 
industrial drainage system in serviceable 
condition. About 70 pages. $1.00 to mem- 
bers; $1.50 to others. Order as Item * Discount of 15% on orders for 12 or 


more items. 


Water Pollution Control Federation 
4835 Wisconsin Avenue, Washington 16, D. C. 
Cost Item | Copies | Cost i 
MOP-6 
MOP.-7 | 
MOP-8 | 
MOP-9 | 


Item 
MOP-1 
MOP-2 
MOP-4 
MOP-5 


Copies Item Copies} Cost. 


Enclosed is remittance for $ 


Print Name 


Address 


City Zone 


Member Association 
If an invoice is necessary, postage will be added. Checks may be made payable to WPCF. 


| 
| 

MOP.7.* 

| | 
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Burgess-Manning Co., Penn Instru- 

ments Div 

Chicago Pump Co. 

Fischer & Porter Co. 

Foxboro Co 

General Electric Co 

Homestead Valve & Meter Co 

Infilco Inc 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Permutit Co., Div. of Piaudler-Per- 
mutit Co. Inc 

Rockwell Mfg. Co. 

Wallace & Tiernan Inc 

Westinghouse Electric Corp. 

Worthington Corp 


Conveyors 
American Well Works 
Chain Belt Co 
Chicago Pump Co, 
Jeffrey Mig. Co. 
Link-Belt Co. 

Stuart Corp 


Webster Mig., Inc. 


Corrosion Protection 
Amercoat Corp 

Chicago Co 
Inertol Co., In 
Johns- Manville 


Sales Corp. 
Koppers Co Inc 
Perry-Aus ten Mig. Cx 
Stebbins Engr. & Mfg. Co 


Wallace & Tiernan Inc 
Couplings 
Link-Belt Co. 


Diffusers, Air (also see 

Alpha Ltd. (Switzerland) 

American Well Works 

Carborundum Cx 

Chicago Pump Co. 

Dorr-Oliver Inc 

Eimco Corp 

Infilco Inc 

Lakeside Engineering Corp 

Link-Belt Co 

Pacific Flush Tank Co 

Penberthy Mfg. Co., Div 
Eclipse Corp 

Walker Process Equipment 

Wemco Div., Western 

Zimmer & Francescon 


Aerators) 


of Buffalo- 


Inc 
Machinery Co 


Diffusers, Gas (also see 
American Well Works 
Carborundum Co 

Chicago Pump Co. 

Eimco Corp 

Infilco Inc 

Walker Process Equipment Inc 
Yeomans Brothers Co 


Aerators) 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc 

Eimco Corp 

Gorman-Rupp Co. 

Hardinge Co., Inc. 

Infilco Inc 


Jeffrey Mfg. Co 

Lakeside Engineering Corp 
Link-Belt Co 

Pacific Flush Tank ¢ 


Smith & Loveles 

Vapor Recovery Systems Cx 
Walker Process Equipment Inc 
Yeomans Brothers Co 

Zimmer & Francescon 


Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co. 
Dorr-Oliver Inc. 

Eimco C orp 

Infilco Inc. 

Lakeside Engineering Corp. 
Link-Belt Co 

Pacific Flush Tank Co. 
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Smith & Loveless, Inc 
Walker Process Equipment Inc 
Yeomans Brothers Co 
Zimmer & Francescon 


Dryers 
Alpha Ltd. (Switzerland) 
Combustion Engineering, Inc 


Eimco Corp 

Hardinge Co., Inc 
Komline-Sanderson Engr. Corp 
Link-Belt Co 

Nichols Engr. & Research Corp. 


Stuart Corp. 


Ejectors 
Komline-Sanderson Engr. 
Smith & Loveless, Inc. 
Tex-Vit Supply Co 
Yeomans Brothers Co. 


Corp 


Engineers (see 


neers) 


Directory of Engi- 


Engines (Sludge Gas and Pe- 
troleum Fuels) 

Climax Engine Mfg. Co. 

Fairbanks, Morse & Co, 

Waukesha Motor Co. 

Worthington Corp. 


Fans (also see 

Blowers, and C 
Chicago Pump Cs 
Lakeside Engineering Corp 
Westinghouse Electric Corp 


Air Compressors, 
ompressors ) 


Filter Equipment, Trickling 
Alpha Ltd. (Switzerland) 
American Well Work 

Ralph B. Carter Co 
Dorr-Oliver Inc 

Lx Chemical Co 

Eimco Corp 

Filtration mee Corp. 
Industrial Materials Co 

Infilco Inc 

Keasbey & Mattison Co. 
Komline-Sanderson Engr. Corp. 
Lakeside Engineering Corp 
Nichols Engr. & Research Corp. 
Pacific Flush Tank Co 

Smith & Loveless, Inc 

Trickling Filter Floor Inst 
Walker Process Equipment Inc. 
Yeomans Brothers Co 

Zimmer & Francescon 


Filter Materials 
Carborundum Ce 


Filtration Equipment Corp 
Graver Water Conditioning Co, 
Industrial Materials Co 
Johns-Manville Sales Corp. 
Vulcan Materials Co 

Filters, Diatomaceous Earth 


Graver Water Conditioning Co 
Yeomans Brothers Co 


Fitters, Vacuum (also see Vacuum 


M ichine 
Dorr-Oliver Inc 
Eimco Corp 
Proportioneers Div., 


Co 


Flocculating Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 


Ralph B. Carter Co. 
| Chain Belt Co. 
| Dorr-Oliver Inc 
Corp 
r Water Conditioning Co. 
linge nc. 
nfilco In 
Jeffrey Mi g. Co 
Lakeside Engineering Corp 
Link-Belt Co. 


} Stuart Corp 
| Walker Process Equipment Inc. 


B-I-F Industries 


Webster Mfg., Inc. 
Zimmer & Francescon 


Flotation Equipment 

Chain Belt Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Graver Water Conditioning Co. 
Komline-Sanderson Engr. Corp. 
Yeomans Brothers Co 


Flow Measurement 
Bailey Meter Co. 
Burgess-Manning Co., 
ments Div 
Filtration Equipment Corp. 


Penn Instru- 


Gas Control Equipment 

Alpha Ltd. (Switzerland) 

Burgess-Manning Co., Penn Instru- 
ments Div 

Ralph B. Carter Co. 

Chic ago Pump Co. 

Dorr-Oliver Inc 

Eimco Corp 

Foxboro Co 


Homestead Valve Mfg. Co. 
Pacific Flush Tank Co 
Rockwell Mfg. Ce 


Vapor Recovery Systems Co. 

Walker Process Equipment Inc. 

Zimmer & Francescon 

Gas Diffusers (see Diffusers, Gas) 

Gas Holders, 
purtenances 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dx Inc. 

Eimco Corp 

Jot Manville Sales Corp. 

Pitts sburgh- Des Moines Steel Co. 

Walker Process Equipment Inc. 


Boilers, and Ap- 


Gaskets 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co. 


Gates 
Armco 
Fi Itrat ion Equipment Corp. 
Industrial Materials Co 
Snow Gates & Valves, 
Webster Mfg., Inc 


Drainage & Metal Products, 


Inc. 


Generators 

Climax Engine Mfg. Co. 
Fairbanks, Morse & Co. 
General Electric Co 
Westinghouse Electric Corp. 
Worthington Corp 

Grease Control Materials 
Cloroben Chemical Corp 
Grinders (also see Shredders and 
(Switzerland) 

can Well Works 

» Belt Co 

rr-Oliver Inc 

Gruendler Crusher & Pulverizer Co 
Jeffrey Mfg. Co 

Yeomans Brothers Co 


Grit Collection and Condition- 
Equipment 
Ipha Ltd. (Switzerland) 
verican Well Works 
( hain Belt Co 
Chicago Pump Co. 
Dorr-Oliver Inc. 
Eimco Corp 
Infilco Inc 
Jeffrey Mig. Co. 
Link-Belt Co 
Stuart Corp 
Walker Process Equipment Inc. 
Webster Mfg., Inc. 
Zimmer & Francescon 
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New Journal Index Ready! 


SEWAGE AND INDUSTRIAL WASTES 
INDEX 


Volumes 21-30, 1949-1958 


The Ten-Year Index to SEWAGE AND INDUSTRIAL 
WASTES covering the period of 1949-1958 is now avail- 
able. The 168-page volume is offered in a handsome 
maroon buckram binding at $4.00 and in an attractive 
heavy paper cover at $3.00. 


The new Ten-Year Index is a companion to the pre- 
vious Twenty-Year Index to the first 20 volumes of 
SEWAGE WORKS JOURNAL for 1928-1948, copies of 
which are still available from the Federation office. 


Separate listings by author, subject, and geographical 
categories, along with full cross-referencing make this a 
complete and easy-to-use reference volume. 


Send orders to the Federation office. When remittance accom- 
panies order, postage is prepaid. If an invoice is necessary, postage 
will be added. Checks may be made payable to WPCF. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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Grounds Maintenance 
ment and Supplies 
Homestead Valve Mig. C« 


Equip- 


Heating Equipment for 
ters and Buildings 
Alpha Ltd. (Switzerland) 
Ralph B. Carter C 
Chicago Pump ¢ 
Dorr-Oliver Inc 
Eimco Corp 
General Electric 
Infilco Inc 
Link-Belt Co 
Pacific Flush Tank Co 
Walker Process Equipment 


Diges- 


Co. 


Inc 


Incinerators 

Combustion Engineering 
Morse Boulger, In« 
Nichols Engr. & Research Corp 
Pittsburgh-Des Moines Steel Co 
Walker Process Equipment Inc 


Inc 


Ion-Exchange Equipment 

Permutit Co., Div. of Pfaudler-Per- 
mutit 

Insect Control 

Cloroben Chemical Corp 

Leeco Chemical Co., Div. of 
Gas & Oil Co 


Inspection, Sewers 

Centriline Corp 

Industrial Pipe Repair Corp 
National Water Main Cleaning Co 


Instruments, 
Control (also 
Recorders) 

Bailey Meter Co 

Builders- Providence 
dustries 

Burgess-Manning 
ments Div 

Fischer & Porter Co 

Fisher Scientific Co 

Foxboro Co. 

General Electric Co 

Infilco Inc 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Mig. ¢ 
Tiernan Inc 
Westinghouse Electric 


Recording and 


see Controls 


Div., B-I-F In- 


Co., Penn Instru- 


Corp 


Jointing Materials 
American Concrete 
Assn 
Gray Concrete Pipe Cx 
Keasbey & Mattison Co 
National Clay Pipe Mfrs., Inc 
Perry-Austen Mig. Co 
Stebbins Engr. & Mig. Ci 
Wedge-Lock Clay Pipe Mfrs 


Pressure 


Inc 


Joints, Mechanical 
American Cast Iron Pipe Co 
Johns-Manville Sales Corp 
Smith-Blair, In¢ 

U. S. Pipe & Foundry Co 
Wedge-Lock Clay Pipe Mfrs 


Laboratory 
Supplies 

Filtration Equipment Corp 

Fisher Scientific Co 

General Chemical Div 
ical Corp 

Stuart Corp. 


Equipment 


Allied Chem- 


Lift Stations 
Smith & Loveless, 
Tex-Vit Supply Co 


Inc 


Lighting Fixtures 


Westinghouse Electric Corp 


Lubricants 
Homestead Valve Mfg. Co 
Johns-Manville Sales Corp 


Lumber 
Vulcan Materjals Co 


Leeco 


and | 


Pipe 
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Manhole and Inlet Castings 
American-Marietta Co 

Vapor Recovery Systems Co 
Vulcan Materials Co 


Masonry Building Materials 
American-Marietta Co 

Portland Cement Assn 

Price Bros. Co 

Vulcan Materials Co 


Meter Boxes 
Johns-Manville Sales Corp. 


Meters (Sewage, Sludge, Water, 
Air, and Gas) 

Bailey Meter Co 

Builders-Providence 
dustries 

Burgess-Manning Co., 
ments Div 

Ralph B. Carter Co. 

Filtration Equipment Corp. 

Foxboro Co. 

Infilco Inc 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Rockwell Mfg. Co 

Roots-Connersville Blower, 
Dresser Industries Inc. 

Simplex Valve and Meter Co. 

Worthington Corp 


Div., B-I-F In 


Penn Instru 


Mixing Devices 

Alpha Ltd. (Switzerland) 
American Well Works 

Ralph B. Carter Co. 

Chain Belt Co, 

Dorr-Oliver Inc. 

Eimco Corp. 

Infilco Inc 

Jeffrey Mig. Co. 

Walker Process Equipment Inc 
Wemco Div., Western Machinery Co 


Motors 

Chicago Pump Co. 
Fairbanks, Morse & Co. 
General Electric Co 
Link-Belt Co 

Westinghouse Electric Corp 
Worthington Corp 


Odor Control Materials 
Airkem Inc. 

Cloroben Chemical Corp 
Florasynth Laboratories, Inc. 
Tennessee Corp. 

Wallace & Tiernan Inc. 


Odor Counteractants 
Airkem Inc. 


Package Treatment 
Chain Belt Co. 
Chicago Pump Co. 
Dorr-Oliver Inc 

Infilco Inc 

Municipal Service Co. 
Smith & Loveless, Inc. 
Yeomans Brothers Co 


Packing 
Johns-Manville Sales Corp 
Keasbey & Mattison Co. 


Paints and Protective Coatings 
Amercoat Corp. 

Inerto!l Co., Inc 

Koppers Co., Inc 

Perry-Austen Mfg. Co 

Pittsburgh Coke & Chemical Co. 
Smith & Loveless, Inc 

Stebbins Engr. & Mfg. Co. 


Pipe, Asbestos Cement 
Industrial Materials Co. 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co. 


Pipe, Cast Iron 

American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn. 
Industrial Materials Co. 


Div. of | 


U.§ 


R. D 


Pipe & Foundry Co. 
Wood Co 


Pipe, Clay 

Industrial Materials Co 
National Clay Pipe Mfrs., Inc. 
Wedge-Lock Clay Pipe Mfrs 


Pipe Cleaning 

Centriline Corp 

Cloroben Chemical Corp 

Flexible Inc 

Homestead Valve Mfg. Co 
National Water Main Cleaning Co 
W. H. Stewart, Inc 


Pipe Coatings and Linings 
Amercoat Corp 

American Pipe & Construction Co 
Centriline Corp 

Koppers Co., Inc 

National Water Main Cleaning Co 
Perry-Austen Mig. Co 

Stebbins Engr. & Mig. Co. 

Vulcan Materials Co 


Pipe, Concrete 

American Concrete 
Assn 

American-Marietta Co 

American Pipe & Construction Co. 

Gray Concrete Pipe Co., Inc. 

Lock Joint Pipe Co 

Portland Cement Assn 

Price Bros. Co. 

Vulcan Materials Co. 


Pressure Pipe 


Pipe, Fiber 
Brown Co, 


Pipe Fittings 

American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
Keasbey & Mattison Co 

Price Bros. Co 

Smith-Blair, Inc 

U. S. Pipe & Foundry Co 
Wedge-Lock Clay Pipe Mfrs 
R. D. Wood Co 

Pipe Jointing Materials (see 
Jointing Materials) 


Pipe, Plastic 
Amercoat Corp 
Evanite Plastic Co 


Pipe, Repairs 
Centriline Corp 
Industrial Pipe Repair Corp 
Smith-Blair, Inc 


Pipe, Steel 
American Pipe & Construction Co 
Armco Drainage & Metal Products, 


Inc 
Keasbey & Mattison Co 


Plastic Pipe Products 
Amercoat Corp 

Evanite Plastic Co 
Keasbey & Mattison Co 


Publications 
Rheinhold Publishing Co. 
John Wiley & Sons, Inc 


Pump Controls 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div 

Chicago Pump Co 

Fischer & Porter Co 

Foxboro Co 

General Electric Co. 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Rockwell Mfg. Co 

Smith & Loveless, 

Tex-Vit Supply Co 

Westinghouse Electric Corp. 

Worthington Corp 

Zimmer & Francescon 


B-I-F In- 


Penn Instru- 


Inc 


| 
: 

: 

| 
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Proceedings of Member Associations 
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NEBRASKA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 8th Annual Meeting of the Ne- 
braska Sewage and Industrial Wastes 
Association was held at the Fort Sid- 
ney Motor Hotel, Sidney, Nebr., Nov. 
5-6, 1959. 

Operating problems received gener- 
ous attention at the technical sessions: 


‘‘Sewage Pumps, Their Maintenance 
and Application,’ by Frank A. Nolte, 
Manager, Pump Department, Fair- 
banks, Morse and Co., Omaha, Nebr. 

‘*Cost of Electrical Power at Ne- 
braska Sewage Treatment Plants,’’ by 
V. J. Lechtenberg, Omaha, Nebr., and 
W. F. Rapp, Jr., Lincoln, Nebr. 

‘‘Values and Benefits of Keeping 
Operating Records at Sewage Treat- 


ment Plants,’’ by Thomas Cooper, Chi- 
cago Pump Co., Chicago, III. 

‘‘Sewage Lagoon Maintenance Prob- 
lems,’’ by W. F. Rapp, Jr., Nebraska 
Health Department, Lincoln, Nebr. 

‘*Economical Painting at Sewage 
Plants,’’ by Lew G. Salisbury, Inertol 
Co., Inc., Kansas City, Mo. 

“Weed Control at Sewage Plants 
and Along Outfall Ditches,’’ by Vern 
Anderson, Geigy Chemical Co., Kansas 
City, Mo. 

‘*A History of Sewage Treatment in 
Sidney,’’ by Floyd Sanks, Water and 
Sewer Commissioner, Sidney, Nebr. 

Officers elected to serve during 1959- 
60 are: 

President: V. J. Lechtenberg, Omaha. 

Vice-President: Walter Arfmann, Co- 
zad. 

(Continued on page 185a) 


perature changes. 


liners are furnished in two sections. 


PARSHALL FLUME LINERS 
FABRICATED FROM “CHEMSTONE” 


Chemstone flume liners are made of asbestos cement material impregnated 
with a special asphaltic compound under pressure. It will withstand shock, 
vibration and is impervious to most acids, alkaline solutions and rapid tem- 


Saves many hours of building forms for concrete pouring and is accurate 
within plus or minus 1/16". Flume liners with throats 3" to 18" are furnished 


completely assembled for quick, easy installation. For throats 18" to 96” the 


Write today for further details and specifications. 


FILTRATION EQUIPMENT CORPORATION 
273 HOLLENBECK STREET « ROCHESTER, NEW YORK 
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Pumps, Airlift 
Walker Process Equipment Inc 


Pumps, Chemical Feed 

Proportioneers Div., B-I-F Industries 

Pumps, Gas 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 


Pumps, Grit 
Nagle Pumps, Inc 


Pumps, Sewage 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Infilco Inc 

Marlow Pumps, Div. of 
sett Co. 

Smith & Loveless, Inc 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Co 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 


Bell & Gos- 


Pumps, Sludge 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp. 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Hardinge Co., Inc 

Infilco Inc 

Komline-Sanderson Engr 

Marlow Pumps, Div. of 
sett Co 

Nagle Pumps, Inc 

Wallace & Tiernan In« 

Wemco Div., Western Machinery Co 

Worthington Corp 

Yeomans Brothers Co. 

Zimmer & Francescon 


Corp 
Bell & Gos 


Pumps, Vacuum ; 
Roots-Connersville Blower, Div. of 
Dresser Industries Inc 


Pumps, Water 
American Well Works 
Ralph B. Carter Co. 
Chain Belt Co 
Chicago Pump Co. 
Eimco Corp 
Fairbanks, Morse & Co. 
Gorman-Rupp Co 
Marlow Pumps, Div. of Bell & Gos- 
sett Co 
Wallace & Tiernan Inc. 
Worthington Corp 
Yeomans Brothers Co 
Zimmer & Francescon 


Radiation 
ment 
Westinghouse Electric Corp 


Monitoring Equip- 


Radios, Mobile 
General Electric Co 


Recorders (also see Instruments, 
Recording, and Control) 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div 

Fischer & Porter Co 

Fisher Scientific Co 

Foxboro Co 

General Electric Co 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 


Wallace & Tiernan Inc 


B-I-F In- 


Penn Instru- 


Refractory Building Materials 
Carborundum Co. 
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Johns-Manville Sales Corp. 
Stebbins Engr. & Mig. Co. 


Safety Equipment 
Vapor Recovery Systems Co. 


Sampling Equipment 
Chicago Pump Co 

Infilco Inc 

Lakeside Engineering Corp 


Sand, Gravel, and Stone 
Graver Water Conditioning Co 
Vulcan Materials Co 


Screening Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 
Chain Belt Co 

Chicago Pump Co. 
Dorr-Oliver Inc. 

Eimco Corp 

Infilco Inc 

Jeffrey Mfg. Co. 
Link-Belt Co 

Walker Process Equipment Inc. 
Zimmer & Francescon 


Sedimentation Equipment 

see Clarifier Equipment) 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co 
Chain Belt Co 
Dorr-Oliver Inc. 
Eimco Corp 
Graver Water Conditioning Co. 
Hardinge Co., Inc 
Infilco Inc 

y 

<omline-Sanderson Engr. Corp. 
Lakeside Engineering Corp 
Link-Belt Co 
Walker Process Equipment Inc 
Webster Mfg., Inc 
Yeomans Brothers Co 


Sewer Cleaning Equipment 
Flexible Inc 

Homestead Valve Mfg. Co. 
National Water Main Cleaning Co. 
W. H. Stewart, Inc 


Sewer Inspection (see Inspection, 
Sewers) 


Shredders (also see 
and Grinders) 
Ipha Ltd. (Switzerland) 

Chain Belt Co 

Dorr-Oliver 

Gruendler Crusher & Pulverizer Co. 

Jeffrey Mfg. Co 

Yeomans Brothers Co. 


Siphons 

Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co 
Eimco Corp. 

Infilco 

Lakeside Engineering Corp 
Pacific Flush Tank Co. 
Yeomans Brothers Co 


Sludge Concentrators 
Eimco Corp 
Nichols Engr. & Research Corp 


Sludge Flotation Equipment (see 
Flotation Equipment) 


Sludge Handling and Control 
Chain Belt Co 

Dorr-Oliver Inc 

Eimco Corp 

Jeffrey Mig. Co 

Link-Belt Co 

Nichols Engr. & Research Corp. 
Walker Process Equipment Inc. 


Sludge Removal Equipment 
Jeffrey Mig. Co 


Comminutors | 


Link-Belt Co 
Webster Mig., Inc 


Sludge Shredders 

Alpha Ltd. (Switzerland) 
Gruendler Crusher & Pulverizer Co. 
Jeffrey Mig. Co 


Sprockets 

Chain Belt Co 
Link-Belt Co 
Webster Mfg., Inc 


Steel Pipe Products 

Armco Drainage & Metal Products, 
Inc 

Structural Metal 

Alpha Ltd. (Switzerland) 


Switchgear 

Alpha Ltd. (Switzerland) 
General Electric Co 
Westinghouse Electric Corp. 
Worthington Corp 


Tanks 

Chain Belt Co. 

Link-Belt Co 

Pittsburgh-Des Moines Steel Co. 
Preload Co., Inc 

Stebbins Engr. & Mig. Co 


Television, Closed Circuit 
Industrial Pipe Repair Corp 


Tools 
Flexible Inc 


Transformers 

Alpha Ltd. (Switzerland) 

General Electric Co 

Westinghouse Electric Corp 

Trickling Filter Equipment (see 
Filter Equipment, Filter) 


Trucks and Tractors 
Eimco Corp 


Turbines 
Worthington Corp 


Vacuum Filters 
Vacuum) 

Bird Machine Co 

Dorr-Oliver Inc 

Eimco Corp 

Komline-Sanderson Engr. Corp 

Proportioneers Div., B-I-F Industries 


(also see Filters, 


Valves and Gates 

Armco Drainage & Metal Products, 

Builders-Providence Div., B-I-F In- 
dustries 

Chapman Valve Mfg. Co 

DeZurik Corp 

Filtration Equipment Corp. 

Homestead Valve Mig. Co 

Industrial Materials Co 

Iowa Valve Co 

Mueller Ce 

Rockwell Mfg. Co 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc. 

Simplex Valve and Meter Co 

A. P. Smith Mfg. Co 

Snow Gates & Valves, Inc 

Westinghouse Electric Corp 

W-K-M Division, ACF 
Inc 

R. D. Wood Co 

Yeomans Brothers Co 


Industries, 


Vessels (see Tanks) 


Weighing Devices 

Builders-Providence Div., 
dustries 

Fairbanks, Morse & Co 

Fisher Scientific Co 

Wallace & Tiernan Inc 


B-I-F In- 


| 
| 
(also | 
| 
} 
| 
| 
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Secretary-Treasurer: E. Bruce Meier, 
Omaha. 
EK. Bruce MEIER 
Secretary-Treasurer 


NORTH DAKOTA WATER 
AND SEWAGE WORKS 


CONFERENCE 
The 31st Annual Convention of the 
North Dakota Water and Sewage 


Works Conference was held at the 
Dacotah Hotel, Grand Forks, N. Dak., 
Sept. 23-25, 1959. More than 160 at- 


tended the 3-day session. 
Papers of particular interest to those 
in the wastewater field included; 


‘*Ten Years of Progress in the Red 
River Basin,’’ by H. C. Clare, USPHS 


CHIPPER 
CHARLIE 


Never been sick a day in his life. 
But he knows it can happen to 
him—so he gets a health check- 
up every year—just in case. He 
aiso supports the American 
Cancer Society’s Crusade. Send 
your contribution to “Cancer,” in 
care of your local post office. 


AMERICAN CANCER SOCIETY 


JOURNAL WPCF 


Regional Office, Kansas City, Mo. 
“The Potato Industry in North Da- 
kota,’’ a panel discussion. 
‘*Responsibility of Water and Sew- 
age Works Superintendents in Service 
Connections,’> by E. Welch, State 
Plumbing Inspector, Bismarck, N. Dak. 
‘*Water Development in North Da- 
kota,’’? by Bruee Johnson, Projects 
Manager, Bureau of Reclamation, Bis- 
marck, N. Dak. 
‘*Problems in Developing Municipal 
Facilities,’’ by Alan Webster, City 
Manager, Grand Forks, N. Dak. 


At the business meeting the follow- 
ing officers were elected for 1959-60: 


Frank Bis- 


President: 
marck. 
Vice-President: Richard Fuller, South- 

west Fargo. 


Orthmeyer, 


Secretary-Treasurer: W. Van Teuve- 


len, Bismarck. 


W. Van HEUVELEN 
Secretary-Treasurer 


Superintendent 
Sewage Treatment Plant 
Sarnia, Ontario 
The City of Sarnia is constructing 
a 4 million dollar Sewage Treatment 


Plant. 


operation early this fall. 


It will be ready to go into 
We are 
looking for a good man to work on 
the final stages of construction and 
installation of equipment and to take 
over as 


Superintendent when the 


plant is completed. All inquiries 
will be treated as confidential. For 


further information, write: 
Mr. H. G. McKittrick 
Personnel Officer 
City Hall 
Sarnia, Ontario, Canada 
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MANUAL “AVAILABLE 


M. 0. P. =9 — SEWER DESIGN AND CONSTRUCTION 


Several years of joint effort between the Water 
Pollution Control Federation and the Sanitary Engi- 
neering Division of the American Society of Civil 
Engineers have produced a major addition to the 
“Manuals of Practice” series. “Design and Con- 
struction of Sanitary and Storm Sewers” has been 
designated M. O. P. #9. 


This illustrated, 12-chapter manual of 283 pages 
includes detailed coverage of project planning, in- 
vestigations, hydraulics, design, construction ma- 
terials and methods, specifications, structural re- 
quirements of storm and sanitary sewers, and 
pumping stations. 


A convenient order form for this and other pub- 
lications appears elsewhere in this issue. The man- 
ual is $7 per copy postpaid if remittance is with 
order. Federation members may purchase the man- 


ual for $3.50 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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ELIMINATE YOUR 
WATER TREATMENT 
PROBLEMS WITH... 


soda-afhSoften- 


ae ing—Adaptg ple i in 


trial 
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vited. 


TENNESSEE CORPORATI 


| FREE BOOKLET Let us send you 
| without charge, a 38-page book- 
let that deals specifically with all 
phases of coagulation—just send 
us a postal card. 


the INCREDIBLE Torque-Fiow pump 


Bailing wire, rags, bottles—even tin cans. The incredible Wemco 

Torque-Flow Pump handles any material with ease. Clogging 

is a thing of the past because of Wemco’s recessed impeller, 

continuous, open passage. What will go in will come out. 

Send your pumping problem to the men of Wemco . 
wre 


recessed impeller; continuous open passage 
(what will go in will come out) 


reason: 
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FERRIC MSULFATE 


HE COAGULANT WITH 
HE PLUS FEATURES... 


Excellent Taste and Odor Control 
Increased Filter Runs 
Coagulation Over Wide pH Range 
Rapid Floc Formation 

Turbidity Removal 

Manganese and Silical Removal 
Bacteria Removal _ Ease of Operation 
Efficient and Economical 


SODIUM SILICO FLUORIDE 
for Fluoridation of municipal 
water supplies. Available for 
prompt shipment. Inquiries in- 


BUILDING, ATLANTA 3, 


. today! 


«+» San Francisco, Calif. 


iT 
: i 
TREA SEW AGE Wy / 
Eff Coagdlation TREATMENT 
urface“or CoagulatesOver i 
Water—Effective’in wide g Frange 
provides efirtien 
re 
dus- of#fpid v ns 
of raw e— 
Very effecti 
conditioning slu x 
prior to vacdym 4 
filtration or 
TENNESSEE CORPORATION 
ON 
| 
® a division of 
650 Fifth St 
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Equipment and Supply Lines 


Oil Separator—A new oil intercept- 
ing system is claimed to be particularly 
adaptable in garages, service stations, 
machine shops, ete., where it is desir- 
oil. GH Oil 
Separator, Josam Manufacturing Co., 
Dept. X-51, Michigan City, Ind. 


Grouting A bulletin 


ylains how to avoid shrinkage in grout- 


able to reclaim Series 


16-page eXx- 
ing machinery and equipment through 
the 
Information on recommended mixes are 
contained in Bulletin Eld.—The Master 
Builder Company, Cleveland 3, Ohio. 

Package Plant—A 
age treatment plant, the ‘‘Sparjair,’’ 
utilizes the contact stabilization process. 


use of Embeco non-shrink grout. 


new small sew- 


Units come in sizes capable of treating 
wastes from as few as 50 people to as 
many as  5,000.—Bulletin 22-S-94, 
Walker Process Equipment, Ine., P. O. 
Box 266, Aurora, Il. 

Sludge Shredders—<A new edition of 
‘‘Sewage Sludge Utilization Datalog’’ 
booklet reviews 
writing on the 
Royer 
175 


is available. The new 
and analyzes current 
subject of sludge shredding. 
Foundry & Machine Company, 
Pringle St., Kingston, Pa. 
Compressors—lIleavy-duty, oil-free 
compressors are described in Bulletin 
A-44. ranging in 


from 96 to 939 efm are discussed. 


size 
Joy 
Manufacturing Company, Oliver Build- 
ing, Pittsburgh 22, Pa. 


Compressors 


Wastes Treatment Equipment—Cat- 
alog 952 of the Jeffrey Manufacturing 
Company, Columbus 16, Ohio, contains 
sections on bar screens, grinders, col- 
lectors, settling tanks, scum removers, 
feeders, 
chains, and sprockets. 

Sump Pump Motor—A complete 
sump pump motor package with a fac- 
tory-installed switch, cord, and plug 
set has been introduced by the Gen- 
eral Electric Company. 


conveyors, bucket-elevators, 


Sewage Pump—Trash-sewage pumps 
featuring an open impeller and easily 
removed end plate are described in 
Bulletin 8-ST-11.—Gorman-Rupp Com- 
pany, 305 Bowman St., Mansfield, Ohio. 


Nozzles 
nozzles is described in a 32-page cata- 
log of the Wm. Steinen Mfg. Co., In- 
dustrial Nozzle Division, 45 Bruen St., 
Newark 5, N. J. 

DO Meter 


matic 


A complete line of spray 


Information on an auto- 
DO analyzer and recorder is 
available from the Hay Corporation, 
Michigan City, Ind. The unit 
signed to measure DO in sewage, in- 


is de- 


dustrial wastes, streams, lakes, ete. 


Ductile Iron—A new metal combin- 
ing the 


iron with mechanical properties similar 


corrosion resistance of cast 
to those of steel is being used in a new 
line of pipe, fittings, and specials. <A 
catalog describing the new line is avail- 
able from the American Cast Iron Pipe 
Company, Birmingham 2, Ala. 
Ditcher—A medium-duty 
ditcher torque-converter 
drive and complete hydraulic action 
(Figure 1). 


new, 
features a 


The ditcher digs up to 7 


FIGURE 1.—Ditcher. 


ft, with widths of eut up to 44 in. It 
is transportable on standard trailers 
without special teardown.—Model 318, 
Garwood Industries, Inc., Wayne, Mich. 
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DIRECTORY OF ENGINEERS 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Alrports 
Yams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, Water Purification, 

Flood Relief, Sewerage, Sewage 

Disposal, Drainage, Appraisals, 
Power Generation 


Civie Opera Building Chicago 


ANDERS@N-NICHOLS 
ompany 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges. 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers — Airport Dengn —Sewage Dieposal 
Systems —Water Works Design and Operation—-Surveys 
and Maps—City Planning—Highway Design—Construc- 
tion Surveys —Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


P. O. Box 166 Crystal Lake, Hlinots 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemica! Analyses 


Amherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 
G. 8. Bett C. G. Garrner J. K. Laraam 
J. W. Finney, Jr. 

Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposa Swimming Pools 
Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 

Industrial Water 
Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


ONLY $75 PER YEAR 


is the cost of a _ professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 
Consulting Engineers 
Sewage Gas Water Electricity Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 


Consultants 
CLINTON L. BoGEeRT IvAN L. BOGERT 
DoNALD M. DITMARS ROBERT A. LINCOLN 


CHARLES A. MANGA 


Water & Sewage Works 


Drainage 


Highways and 


145 East 


32nd 


Bridges 


Street, 


NARO WILLIAM MARTIN 
Incinerators 
Flood Control 
Airfields 


New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
1000 Farmington Ave. 
West Hartford 7, Conn. 


75 West St. 
New York 6, N.Y. 


BOYLE ENGINEERING 


Consulting Engineers 


Water — 


Structures — Surveys 
Reports— 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


Sewers — Streets 


Special Districts 


3913 Ohio, Rm. 200 
San Diego 4, Calif. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET 


SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Water and Sewage Works 
Industrial Waste Control and Treatment 
Laboratory Services 


508 TENTH STREET 


F. G. Browne 
W. G. Smiley 
G. M. Hinkamp 


Consulting Engineers 


Water - Sewag« 


Reports, De 


Supervisi 


FLOYD G. BROWNE AND ASSOCIATES 


- Industrial Wastes - Power 
signs, Construction 


123-125 W. Church Street Marion, Ohio 


8. W. Kuhner 
C. R. Martin 
W. H. Kuhn 


on, Investigations, 
aboratory 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. Y. 


Your firm should be 


listed here 


ing in sewage 
treatment. 


. the most complete Directory 
available of consultants specializ- 


and industrial wastes 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 


Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 
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CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


DIRECTORY OF 
ENGINEERS 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street 


Boston 8, Mass. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 


treatment. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys 
Planning 
Bridges 


Roads and Streets 
Airports 
Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration-Gas Systems 
Valuations—Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 


3600 E. Jefferson Blvd. 2112 W. Jefferson St. 
South Bend, Indiana _Joliet, Illinois 


ONLY $75 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 


will afford maximum prestige! 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, II. 


Damon & Foster 


Consulting Ctotl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


Your firm should be 
listed here 


. . the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 
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CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. 
A Subsidiary of Wallace & Tiernan, incorporated 
Belleville 9, New Jersey 


ROY B. EVERSON 


Sewage and industrial wastes treatment, city 
water purification, and complete swimming pool 
systems—Filtration Experience since 1900 


Valuations —Reports— Kesearch— Development 


207 W. Huron St., Chicago 10, Hil. 
SUperior 7-3339 


ONLY $75 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 


Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distribution—lIncinerators 
Airports—Bridges—Express Highways—Port and 


Terminal Works—lIndustria! Buildings 


11 Beacon Street Boston 8, Massachusetts 


FINKBEINER, PETTIS & STROUT 


CARLETON 8. FINKBEINER Crarves E. Pettis 
K. Strrovt 


Consulting Engineers 
Water Supply. Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 


Bridges, Highways & Expressways 


2130 Madison Avenue Toledo 2, Ohio 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


FROMHERZ ENGINEERS 
Structural - Civil - Municipal 
Four Generations Since 1867 

Water Supply: Sewerage; Structures; 

Jrainage ; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking— Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


P.O. Box 1498 
New York READING, PA. Washington 


GREELEY & HANSEN 


Engineers 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 


Sewerage, Sewage Treatment 


14 East Jackson Boulevard, Chicago 4, Wlinois 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


Take advantage of the services of these outstanding consultants! 
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HASKINS, RIDDLE & SHARP 
Consulting Engineers DIRECTORY OF 


Water—Sewage & Industrial Wastes— Hydraulics 


Reports, Design, Supervision of Construction ENGINEERS 


Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 


Your firm should be A. A. Burger _H. Moseley 
2 J. W. Avery F. S. Palocsay 
listed here E. $. Ordway G. H. Abplanalp 
. A. M. Mock S. H. Sutton 
ree the most complete Directory Frank C. Tolles, Consultant 
available of consultants specializ- Consulting Engineers 
ing in sewage and industrial wastes WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
treatment. Leader Bldg. Woolworth Bldg. 


Cleveland 14, O. New York 7, N. ¥. 


HAZEN AND SAWYER HENNINGSON, DURHAM 
Ricaarp Hazen W. Sawyer & RICHARDSON, INC, 
H. E. Hupson, Jr. Consulting Engineers and Architects since 1917 


Water and Sewage Works for more than 700 cities and towns 
Industrial Waste Disposal Water Works, Light and Power, Sewers, Sewage 
Drainage and Flood Control Treatment, Reports, Flood Control, Apprai 


Drainage, Industrial Works 
2962 Harney St. Omaha 2, Nebraska 


360 Lexington Ave., New York 17, N. Y¥. 


HORNER & SHMIPRIN ONLY $75 PER YEAR 


Consulting Engineers 
E. E. Bross V. C. Liscuer is the cost of a _ professional listing 
Airports, Sewerage & Drainage, Hydrology, in this space. A card here will iden- 
Sewage Treatment, Industrial Waste Treatment, tify your firm with the specialized 


Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


sewage and industrial wastes field and 
will afford maximum prestige! 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 1679 Niagara St. 


Professional Engineers Buffalo 7, N. Y. 


CONSULTING ENGINEERS! WILLIAM T. INGRAM 
trial waste disposal problems, prospec- Sanitary and Public Hea ngineering 
in the Directory of Engineers contained Air Pollution Control—Industrial Health 
m Offices: 

Official Professional Journal of the East Coast West Const 


20 Point Crescent 90 Panoramic Wa 


Sewage and Industrial Wastes Field! Whitestone 57, N.Y. Walnut Creek, Calif. 


It pays to secure competent and experienced engineering advice! 
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1392 King Ave. 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 


Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design 


Construction 


Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 
2000 West Central Ave. 


Toledo 6, Ohio 


ONLY $75 PER YEAR 


is the cost 


in this space. 


tify your firm 


of a professional listing 


A card here will iden- 


with the specialized 


sewage and industrial wastes field and 
will afford maximum prestige! 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 


E. B. BESSELI 


1080 Atlantic Ave. 


KF, Mar 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 


Buildin 


gs 


TROY, NEW YORK 


KENNEDY ENGINEERS 


COMPLETE ENGINEERING SERVICE 


Investigations, 


Reports, Design 


Supervision of Construction and Operation 


Sewerage, Sewage 


Treatment and 


Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


Los Angeles 


Salt Lake City 


Tacoma 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. 


Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 


Investigations 


Reports, Designs 


Sewerage & Sewage Treatment 
Water Supply & Water Treatment 


Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 


Water, Sewage, Drainage, and Industrial Wastes 


Reports 


Designs, 


Supervision 


Of Construction and Operation 


Chemical & Biological Laboratory 


1100 South Broad St. 


Trenton, N. J. 


Lozier Consultants, Inc. 


Engineers 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street 


Rochester 4, N. Y. 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 


Water Supply 


Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 


GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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METCALF & EDDY 


Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 


Airports 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 


Consulting Engineers 


Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 
400 East Genesee St. 


Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural — Power — Transportation 
165 Broadway New York 6, N.Y. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 


ment. 


PIATT & DAVIS 
AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, III 
C igning, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Dis 1: Industrial Wastes; Investigations 
t Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


Lovis C. McCane, Pres. 


1246 Taylor St, N.W. Washington 11, D. C. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 

Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 

Laboratories for Chemical and Bacteriological 


Analyses 


369 EB. 149th St. 


New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


B. V. Howe 


RORERT COMPANY 


It pays to secure competent and experienced engineering advice! 
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RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary —Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louis 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design - Supervision of 
Construction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning - Urban 
Subdivisions -Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. Topeka, Kansas 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Mlinois 


1154 Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 
Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges— Highways—lIndustrial Buildings 
Studies—Surveys—Reports 


245 N. High St. Columbus 15, Ohio 


TIGHE & BOND 
CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
Tel. JEfferson 3-3991 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 
Supervision of Construction and Operation 


J. STEPHEN WATKINS 


J.S. Watkins G. R. WaTKINS 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures 


251 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
ater—Sewage 
Surveys—Research— Development— Process 
Engineering Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est, 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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the NDUSTRIAL PROCESS WATER 
CLARIFICATION AT oo CORP., FONTANA, CALIF. 


tion’s Fontana, California Works includes facil- 
ities for handling blast 


furnace flue dust washer 
water and hot strip mill process water, A com- 
bined total of 37 MGD indicates the importance 
of waste water treatment—from a conservation 
standpoint as well as operating economy. 
Heavy fines and particles, encountered in steel 
mill wastes, require equipment designed to move 
literally tons of abrasive sludge with as little 
maintenance as possible. Walker Process Tractor 
Drive Thickeners especially suit these conditions. 
The drive at the periphery of the basin utilizes 


the bridge as a lever to exert high rotational 


force with a minimum of gear reducer effort. 


This feature also permits the use of simpler, 
more accessible gear reducers which simplify 
maintenance and adds years to the service life 
of the unit. 


In addition to Tractor Drive Thickeners, 
Walker Process manufactures sludge collector 
units for all types and sizes of applications— 
circular, rugged, center drive units, either pier 
or bridge supported and rectangular mechanisms. 

Write for information on equipment for the 
treatment of municipal water and sewage and 
industrial liquids 


LANCASTER PRESS, INC., LANCASTER, PA, 


~ 
; Wast ter treatment at K r Steel Corpora- a 
«WALKER PROCESS EQUIPMENT INC. 


OVER 50 YEARS 
EXPERIENCE 


Delivery of Roller Suspension Sewer Pipe 1960. 


LOCK JOINT 


RUBBER and CONCRETE JOINT 
RUBBER GASKET, CIRCUMFERENTIAL A pioneer in the concrete pipe industry, Lock Joint Pipe 


REINFORCEMENT 


Company has devoted over half a century to the 
development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 
turing techniques from abroad. 


Lock Joint Roller Suspension Sewer and Culvert Pipe 
points up the value of such research and development. 
ee ee 4 The unique process used in the manufacture of this pipe 
LONGITUDINAL ‘aiediaiade: | produces concrete walls of unusual density and abrasion 
_— resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 
SEWER AND CULVERT PIPE PLANTS: tion, and flexibility. Produced in standard 8’ lengths, it 
enilworth, N. J. Beloit, Wis. Denver, Colo. ] } ” ” 
artford, Conn. Chicago, III. Cheyenne, Wyo. ranges In diameter from 12 to 72 , 

Lock Joint also produces machine made and cast pipe 
ochester, N. Y. N. Kansas City, Kans. Hato Rey, Puerto Rico ranging in diameter from 6” to 120”, and even larger if 
dgewater, Fla. Tulsa, Okla Carolina, Puerto Rico 2 
tami Fla. | ____Oklahoma City, Okla. Ponce, Puerta Rien required. All pipe may be designed to comply with 

A.S.T.M., State Highway or individual specifications. 
\ 
\ East Orange, New Jersey 


Pressure « Water + Sewer * REINFORCED CONCRETE PIPE © Culvert » Subaqueous 
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Lots of jobs are done better automatically. Chang- 
ing chlorine feed rate is now one of them. With 
the V-notch...the straight line metering action 
of the plug through the ring makes automation 
simple. 


Merely by adding, not adapting, a W&T V-notch 
Chlorinator can give you any degree of automati¢ 
control you want—step rate, start-stop, program, 
proportional, even residual control. 


With a V-notch Chlorinator any signal from any’ 
primary metering device can control chlorine 
feed. So anyone can afford automation. 


And, of course, the right plastics make the whole 
chlorinator chlorine-proof. 


A booklet, “The V-notch 
Story” will tell you about all 
the W&T V-notch Chlori- 


nator features. For your 


copy write Dept. S-135.84. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, GELLEVILLE 9; NEW JERSEY 
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